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Call Sales Toll-Free at 1-800-TC-0MEGA 

In addition to OMEGA s large selection of standard temperature 
measurement products , we can modify or manufacture special 
probes , sensors or other equipment. OMEGA has the design and 
manufacturing capabilities to meet the most demanding 
requirements for unique applications. 


High Temp Extension 
Cable 

• Inconel Overbraided Wire 

• High Temp Connector 
with 1200°F Rating 


ENCYCLOPEDIA OMEGUS 


Custom Handle Probe 


Unique Design for 
Vacuum Environment 
High Temperature 
Design 


Custom Air Probe 

• Industrial Design with Mounting Threads 

• Element Protected by Radiant Energy 
Shielded Sheath 


OMEGA, Your Source for: 


rS Temperature 
^ Humidity 

is Pressure, Strain and Force 
^ pH and Conductivity 
^ Flow and Level 
is Data Acquisition 
^ Technical & Scientific Books 
Electric Heaters 


Molten Aluminum Probe 

• Heavy Duty Cast Iron Protection Tube 

• Adjustable Flange to Vary Insertion Depth 


Thousands of Products in Stock for 
Fast Delivery 

To Place Orders , Call OMEGA Toll FREE 
1-800TC-0MEGA (in CT. Dial (203) 359-1660) 
Ask About Our New Extended 
Warranty Program 


Roller Surface Handle Probe 

• Large Easy-Grip Handle 

• Roller Surface Extra-Large for 
Textile Applications 
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One Omega Drive, Box 4047, Stamford, CT 06907 
Telex 996404 Cable OMEGA FAX (203) 359-7700 

In a Rush For Your FREE Handbooks? 


Portable Indicators 

• Dual Thermocouple Meters 
Mounted in Electrical Enclosure 

• Quick-Disconnect Hook-Up 



^Vttiii' 

1 

ST 
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Thousands of Products, 
Write for Your FREE 
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The Monarch 6-channel GPS 
spaceborne user receiver enables 
continuous autonomous spacecraft 
navigation with order-of-magnitude 
improvements in position, velocity, 
and timing accuracy. Radiation- 
hardened ASICs and high levels of 
digital integration produce lower cost 
mission flexibilities. To put improved, 
lightweight 3-D navigation aboard 
spacecraft call 602/732-3018 or write 
Box 2606, Scottsdale, AZ 85252. 
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There comes a time wfo 
abetter workstation is lot 



Faster Chips for Faster 
Processing: Advanced CMOS 
and ECL semiconductor 
technology are used throughout 
to improve performance. 



A High Speed Bus: Our 
system bus passes 
information between 
CPUs and main 
memory at 150 million 
bytes per second. 



A Power Plant for Performance: 
Each system can have up to four 
CPUs, delivering performance 100 
times that of a VAX 9 11/780. 



Where There are Discs There are 
Data: Disc striping, a concept 
previously limited to 
supercomputers, provides fast 
access to as many as four high 
capacity ESDI drives. 



Clever Compilers for Data Flow: 
So none of this power goes to waste, 
sophisticated compilers map existing 
applications to match the CPU 
architecture and maximize 
application throughput. 




There are two ways to build a new workstation. The first is to 
push existing technology as far as it can go. The second is to create a 
new technology 

And if you’ve ever wondered which approach yields the more 
impressive result, the next few paragraphs will resolve the question. 

Introducing our Series 10000™ Personal Supercomputer™ and the 
PRISM architecture on which it’s based. A new technology that’s so effi- 
cient, it takes performance previously restricted to supercomputers and 
packs it into an office-sized workstation. 

The consequence is a machine that can be configured with up to 
four CPUs running concurrently Yet one that can deliver processing 
power for as low as $6500/MFLOP, one-tenth that of the competition. 

Equally impressive is the fact that while our new Personal Super- 
computer calls on a brand new technology, it doesn’t forsake the old. 

It lets you work in a distributed UNIX® environment, supporting 
Berkeley 4.3 and System V3. 

the only way to deliver 
uild abetter architecture. 


And it’s totally compatible with other Apollo workstations. So 
you can retain all of your current applications, courtesy of a built-in 
compiler technology that ensures existing programs run more efficiently 
Arrange soon for a demonstration of the Series 10000. It will 
grant you a view of technology more inspiring than you’ve ever imag- 
ined. Which is, after all, the reason to build a new workstation in the 
first place. 


apollo 


For more information, call 1-800-323-1846, and in Massachusetts (1-800-847-1011) or write Apollo, 330 Billerica Road, Chelmsford, MA 01824. 

Apollo is a registered trademark and PRISM, Series 10000 and Personal Supercomputer are trademarks of Apollo Computer Inc. VAX is a registered 
trademark of Digital Equipment Corp. UNIX is a registered trademark of AT&T. 
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Designed to Fit 



SEC 


TI-23A CCD CAMERA 



Once again, NEC has designed 
and built an industrial camera spe- 
cifically suited to your needs. The smallest in NEC’s 
long line of compact cameras, the rugged little 
(1%"x1%"x4%") TI-23A, features an electronic shut- 
ter that freezes action up to Viooo of a second. With- 
out blurring. Or a strobe. 

Add to that the endurance and dependability of 
CCD chips, and you’ve got a camera that’s tough 


TI-23A Shuttered Monochrome 
512(H)x492(V) pixels 


(Note: Camera shown is life size.) 


enough to work in your most de- 
manding applications, yet sensitive 
enough to pick up even the smallest images. That 
can be vital in advanced, highly technical settings. 

So no matter how specialized — or difficult — your 
need is, take a long look at our whole line of well 
designed, well built cameras. There’s one with your 
application on it. 



TI-22AII Monochrome 
384(H)x490(V) pixels 


TI-24A High* Resolution 
Shuttered Monochrome 
728(H)x493(V) pixels 




TI-50ES High-Speed 
Shuttered Monochrome 
390(H)x493(V) pixels 


NC-15 High Resolution 
Variable Shuttered Low Light Color 
670(H) x 492(V) pixels 




NEC 

NEC America, Inc., Broadcast Equipment Division • 1255 Michael Drive • Wood Dale, IL 60191 
Phone: 312-860-7600 • Fax: 312-860-2978 • Twx: 910-222-5991 

c»c 

Computers and Communications ©1987 NEC America. Inc. 652-061 
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CLEARPOINT 


Only one vendor delivers all your 
workstation memory needs 


♦ Superior Performance 


♦ Lifetime Warranty 


♦ 24 -hour-a-day Support 


Memory is critical- 
don't settle for less. 

Clearpoint's workstation 
memory consistently out- 
performs system vendor 
offerings with: 

♦ innovative design 

♦ superior reliability 

♦ highest density 

♦ round-the-clock support 

♦ unconditional lifetime 
warranty 

DEC 


MicroVAX3000- 

Compatible 



The DCME-M30/3 2 quadruples 
the density offered by DEC. 
Available in 8, 16 and 32 MB 
boards, Clearpoint's design 
combines the winning features of 
greatest density, competitive 
pricing and unparalleled support. 


MicroVAX 2000- 
Compatible 
The DCME-M20/16 MB* 
nearly triples the density offered 
by DEC. Achieve identical 
processor and memory perform- 
ance to the full configuration 
Micro-VAX II - at half the cost! 


MicroVAX II- 
Compatible 

The DCME-M2/16 MB* places 
the full system memory capacity 
on one board. Designed to run 
cooler and draw less power, the 
MV2RAM supports jumperless 
addressing and parity error 
checking. 

♦available in other sizes 



SUN 



Sun 3/2XX and 4/2XX- 


2RAM/32 MB*, 

delivers 32 MB on a single 
board for the Sun 3/2 XX and 4/ 
2XX. Plus, take advantage of 
the microprocessor-managed 
"on-board hotline" for local and 
remote system-independent 
diagnostics. 


Sun 3/lXX-Compatible 
The SNXRAM * fits up to 28 
MB in just one slot, freeing four 
slots for peripherals. Using the 
latest one megabit DRAMs, you 
get the highest density plus 
increased reliability. 


SIMMs for Sun 3/60, 
4/1X0 and 386i 



The SNXSM and SNXSC come 
in 4 and 16 MB SIMM sets 


(depending on requirements of 
your system). Each SIMM is one 
megabyte of reliable Clearpoint 
memory with a 1 megabit 
DRAM to support parity 
checking. 


IBM 

RT PC-Compatible 

Supporting the upgraded RT 
models 6150 and 6151, the 
low-cost RTRAM is available 
in 4 or 8 MB boards. 


APOLLO 

DN 4000-Compatible 



Bring your DN 4000 up to its 32 
MB capacity with the 
DNX4RAM*. Available in 8 
MB boards, Clearpoint's cost- 
effective memory provides 
Apollo-equivalent performance 
with lifetime product support. 

DN 3000-Compatible 

The economical 1 or 2 MB 
DNXRAM memory offers 
Clearpoint's quality engineering 
and manufacturing with 
performance identical to Apollo. 

APPLE 


Macintosh-Compatible 



Clearpoint offers megabit DIP 
DRA^l memory, the 
MC2RAM/D; and the megabit, 
SOJ -based board, the 
MC2RAM/S 1 . Order now! 




CLEARPOINT 


CLEARPOINT RESEARCH CORP. 
99 South Street 
Hopkinton, MA 01748-2204 
1-800-CLEARPT (508)435-2000 
Telex: 298281 CLEARPOINT UR 

Clearpoint Europe B. V. TeL 31-23-373744 
Clearpoint Canada 416-630-7242 
Clearpoint Asia 03-221-9726 


Clear 
DN K 


*int is a registered trademark of Clearpoint Research Corporation. DEC, MicroVAX 2000, MicroVAX II are trademarks t>f Digital Equipment Corporation. Sun is a trademark *4 Sun Microsystems Inc. 
0. DN4000 and Apollo are trademarks of Apollo Computer. IBM, RT PC are trademarks of International Business Machine Corporation. Apple and Mac are trademarks of Apple Computer, Inc. 
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This conceptual drawing shows an X-wing rotorcraft with 
convertible gas-turbine engines. Now being tested at NASA’s 
Lewis Research Center, the hybrid engines can produce any 
com bided thrust and shaft power continuously at full speed 
and could save 20 percent in rotorcraft operating costs. See 
page 68 . (Photo courtesy NASA) 


DEPARTMENTS 


On The Cover: A super- 
computer simulation of 
airflow within a jet engine 
reveals the hot streaks from 
combustion that surround 
the turbine’s rotor and stator 
blades, shown in black. Turn 
to page 12. (Photo courtesy 
NASA) 



New 

Literature 84 

New on the 
Market 85 

Advertisers’ 

Index 91 


Imaging techniques originally 
developed for NASA satellite 
photos are now being used by 
doctors to view the workings 
of the human heart. See 
Mission Accomplished, page 
92. (Photo courtesy Philips Medical 
Systems, Inc., Shelton, CT) 
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• • • Build Your # * * 
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• • Future on • • 
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• Newport • 

* Tables * 



Unshakeable 


The accuracy of your experi- 
ments is based, quite literally, on 
the performance of the table they 
are built on. If your table lacks 
adequate vibration isolation or 
dynamic rigidity, you may be 
jeopardizing your entire project. 

When you buy a Newport 
table, you’re choosing the same 
table used by over 8 out of 10 of 
the world’s researchers. The reason 
they choose Newport is simple: 
unshakeable quality. Total quality — 
in every area of table design — that 
has earned Newport a proven record 
of uncompromising performance. 

Today’s Newport tables offer 
unmatched rigidity (both dynamic 
and static), cleanliness, and dura- 
bility. Even better, you get the 
outstanding service you’d expect 


Quality 


from the world’s leading table 
manufacturer — attentive sales sup- 
port, a huge table inventory, and 
extensive custom table capabilities 
including tables that are vacuum- 
compatible to 10 5 torr. 

Newport offers three types 
of table tops, in a range of sizes to 
fit your operating environment and 
experiment sensitivity. Tables are 
available in single-section lengths 
to over 20 feet, in widths from 6 
inches to over 6 feet, and in standard 
thicknesses from 2 to 36 inches. 

There’s the MST Series for 
economical performance, and the 


KNS Series for superior dynamic 
compliance. And for ultimate per- 
formance in sensitive applications, 
choose Newport’s famous RS 
tables — the world’s finest. 

Newport is ready to help 
you select the table that’s right for 
your project. For fastest response, 
call Newport’s table specialists at 
( 714 ) 965 - 5493 , or circle the 
number below for free literature. 

viewport 

Newport Corporation 
18235 Mt. Baldy Circle 
Fountain Valley, CA 92708 
Europe: Newport GmbH, 

Ph. 06151-26116 
U K.: Newport Ltd., 

Ph. 05827-69995 
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Sometimes it’s just not convenient to bring 
the job to the test bench. 


Cabtron has an enclosure for everyone who’s ever had to wait 
days for the space to run an hour’s worth of tests. It’s 
the MTC Mobile Test Cart— a heavy duty enclosure 
designed specifically for portable use. 

With the MTC, you can bring a complete test bench to 
the job. It’s ideal for manufacturing, flight lines, test 
engineering, quality assurance, or any job where 
stationary equipment is normally used. The MTC also 
allows one set of test equipment to be used in several 
areas, reducing overhead while increasing efficiency. 



Best of all, its advanced design and rugged construction allow it to 
be used even with sensitive test equipment. A heavy duty, prime 
14 gauge steel frame protects against Dumps and jars. And the entire 



circuit is protected by 15 amp fuse to help guard against damaging 
voltage spikes. 

\bu can even customize the MTC to fit your specific requirements with 
a large selection of accessories and a choice of single or dual 
bay models in 10 standard colors. 



Put an end to test space delays by bringing the test bench 
to the job with the MTC. For more information, contact 
your Cabtron representative or call 1-312-498-6090. 



Cabtron Systems, Inc. 

200 Anets Drive 
Northbrook, IL 60062 
1-312-498-6090 
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Throughout the thirty-year history we orbited with Skylab, providing an atmo- rials and techniques not available else- 
of the NASA manned space program, sphere conducive to scientific research, where. Technology that will eventually 
AiResearch has supported the lives of a Today, working with several of take life support beyond earth orbit, 

generation of space explorers. America’s most prestigious aerospace Make our world-class facilities and 

We drew our first breaths aboard the contractors, we’re expanding our broad other space experience part of your next 
Mercury flights. We were there when the technological base. With several systems project. After all, no one should work in 
whole world held its breath during Amer- aboard the space station. a vacuum, 

ica's first EVA, a spacewalk from a Gemini Supporting this growth in technology AiResearch Los Angeles Division, 

capsule. We watched over Apollo’s one is the Allied-Signal Engineered Materials 2525 West 190th Street, Torrance, CA 
great step for mankind. And for six months, Research Center. Here we explore mate- 90509. (213) 512-5488. 


Allied’Signal Aerospace Company 
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Recognizing what your engineering or 
scientific data is trying to say is never easy. But 
now you can spend less time working on it. With 
RS/Explore ,M statistical analysis software guiding 
you through your data analysis, giving you better, 
more accurate answers faster. And RS/1® data 


analysis software helping you understand your data 
For more information, clip your business card 
to this ad and send it to us. Or call 1-800-251-1717 
(in Massachusetts, call 1-617-873-5000.) To reach 
our European headquarters in the U.K., call 
(0784) 64455. 



“Look. I may not be 
a statistician. But I sure 
can see how this data 
makes so much sense.” 



Statistical Analysis Software 
BBN Software Products Corporation 


RS Series software runs on DEC. HP. Sun and IBM micro, mini and mainframe systems. RS/I is a registered trademark and RS/Explorc is a trademark of 
BBN Software Products Corporation. 10 Fawcett Street, Cambridge. MA 02238. A Subsidiary of Bolt Beranek and New man Inc. in nn 
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NASA's "Super 
Computer 


Advanced Simulation Technique 
To Aid Engine Design 



I n one of the most complex 
computer simulations ever at- 
tempted, involving 22 trillion cal- 
culations, NASA researchers have 
recreated to a new degree of precision 
the unsteady airflow within jet engine 
turbines and compressors. Hailed by 
space agency scientists as a 
“pathfinding” achievement in com- 
putational fluid dynamics, the com- 
puter model should help engine 
manufacturers to develop smaller, 
more efficient, and longer-lasting 
power plants, leading to multimillion 
dollar savings for the United States 
aviation industry. 

“This work is significantly more 

Rai’s model reproduces the Intense 
pressures and heat Inside a jet engine . 


complete than previous flow simula- 
tions,” said Terry Holst, Chief of the 
Applied Computational Fluids Branch 
at NASA’s Ames Research Center. 
“Previous computer models have in- 
volved major approximations. Some 
do not calculate unsteady flow, and 
others rely on simplified geometries.” 

In contrast, the NASA model’s 
geometry is so complex it can account 
for minute details such as the narrow 
gap between the tips of the rotors and 
the outer casing of the turbine hub. 

The model tracks flow in three 
dimensions over time, allowing en- 
gineers to accurately analyze interior 
changes in pressure, temperature, and 
velocity of proposed designs. 

“Calculating airflow within aircraft 


engines is difficult because the flow 
constantly changes due to the relative 
motion between the stator and rotor 
airfoils,” explained Dr. Man Mohan Rai, 
the Ames engineer who developed the 
model. Wind gusts outside an airplane 
or other changes in the pressure of air 
entering the engine add to the 
unsteady flow, inducing stresses on 
engine parts. These stresses cause 
thermal and mechanical fatigue that 
can drastically reduce the lifetime of 
parts. 

Rai’s model predicts when changes 
in pressure will occur, enabling 
engineers to alter their designs to 
minimize stress, or to reinforce com- 
ponents under pressure with high- 
strength alloys. 




Compact Power Plants 

Airflows interacting around closely 
positioned parts can also create a com- 
plex, unsteady flow field. The closer the 
parts are, the more severe the fluctua- 
tions become. Rai’s method provides 
analyses of these interactions, so that 
engine designers can understand their 
effects. “Once they know exactly 
what’s happening and why,” Rai said, 
“they’ll be able to place engine parts 
even closer together. Engines could be 
made smaller and lighter, saving space 
and fuel.” 

The model also is useful for cal- 
culating the frictional drag produced by 
the motion of fluids over the turbine 
blades, as well as the formation of vor- 
tices that block air traveling through 
engine channels. It can predict the size, 
strength, and location of these vortices, 
paving the way for more efficient tur- 
bine designs, said Rai. “If every engine 
presently on U.S. commercial aircraft 
were replaced with a model just one 
NASA Tech Briefs, November 1988 


percent more efficient,” he said, “the 
net savings per year would be about 
one hundred million dollars.” 

Quieter Subs 

Rai’s simulation technique should 
enable researchers to experiment with 
new turbine blade designs without 
having to build and test expensive pro- 
totypes, and could be adapted for 
designing other turbomachinery, such 
as rocket engines, helicopter rotors, 
gas turbines in power plants, and sub- 
marine pumps. The latter application 
has attracted interest from the Navy, 
according to Rai. 

“The pumps on board a submarine 
generate a lot of noise,” he explained. 
“If you could minimize this noise dur- 
ing the design process, you would 
greatly decrease the sub’s chances of 
being detected by an opposing force. 
The model gives as part of its solution 
the amount of noise being put out, so 


it should be ideal for solving this type 
of problem.” 

The Number Crunch 

A single simulation by the NASA 
model can create two billion data 
points— enough to fill a library of 
books. “There’s so much information,” 
said Rai, “the problem is where to 
look.” 

To help researchers understand the 
results, Rai and Sterling Software 
engineer Paul Kelaita structured the 
data for visual display, a painstaking 
task requiring nearly a year to com- 
plete. Using a Silicon Graphics IRIS 
workstation, they developed high- 
speed color graphics that visualize the 
complex fluid flow. 

“The graphics are constantly evolv- 
ing,” Rai said. “Mr. Kelaita is now 
working on 3D stereo animation. To 
watch the graphics you wear colored 
glasses— just like 3D movies.” 
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We test each YSI thermistor 
to NASA specs for 
space flight. 

We test every YSI Space-Qualified 
Thermistor individually according 
to Goddard Space Flight Center 
Specification S-311-P-18, which is 
cross-referenced in MIL-STD-975. 

Here's what that means — our 
thermistors are expressly designed 
for use in extended space flight, 
military and other high-reliability 
applications where you need a 
thoroughly tested component with 
documented performance. 

Interchangeabilities of ±0.1°C 
and ±0.2°C are standard. And if 
the Goddard spec doesn't meet 
your requirements, we'll test our 
thermistors to your specifications 
instead. 

Ask for our thermistor catalog or 
call YSI toll-free at 800 343-HELP 
(in Ohio call 513 767-7241). 


YSI Incorporated 

Yellow Springs, Ohio 45387 USA 
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A simulation of airflow through a three-dimensional rotor- 
stator combination. Colors Indicate different pressure levels. 


Grid Interlock 

Developing an accurate model for jet engine airflow required 
a technological leap in grid generation. Explained Rai: “It’s 
standard practice in computational fluid dynamics to put a grid 
around a body in order to study the surrounding flow. But this 
gets tricky when you have to account for both stationary and 
multiple moving bodies, as is the case with the rotor-stator 
combinations in jet engines. If you tried to wrap a single grid 
around the rotor and stator you’d have to distort the grid points 
considerably to accomodate the motion of the rotor, which 
could result in inaccurate calculations.” 

Rai’s solution was to use several grids that were either pat- 
ched together or overlaid to simulate the relative motion of the 
stator and rotor airfoils. He developed a scheme to accurate- 
ly transfer information between the grids by applying specializ- 
ed boundary conditions. “The boundary conditions had to be 
numerically stable, spatially and temporally accurate, and con- 
servative so that flow discontinuities could move from one grid 
to another without distortion,” he said. 

In 1984 Rai created a two-dimensional multiple grid program 
for unsteady flow which is now being used in rotor-fuselage 
analysis. The new model’s three-dimensional geometries 
eliminate the approximations involved with that earlier 
program. 

Rai’s codes have been distributed to General Electric, Pratt 
& Whitney, and other U.S. engine manufacturers. Now valuable 
to these companies as an analytical tool, the model must 
achieve a faster computer run time to be practical for design 
purposes. Although the simulation now requires 100 hours on 
a Cray Research CRAY-2 supercomputer, NASA expects 
within a year to reduce the time to 20 hours, in part by using 
the new CRAY Y-MP which was recently delivered to Ames’ 
Numerical Aerodynamic Simulation (NAS) supercomputer 
facility. Presently the world’s fastest supercomputer, the Y-MP 
can handle up to 240 billion bytes of high-speed storage. 

Much of the future work on multiple engine stages awaits 
the development of even faster and larger computers. “In a few 
years we’ll have machines that are five or ten times faster than 
what’s available today,” predicted Rai. “At that point the 
model’s run time will be about an hour, making it economical 
for a broad range of commercial applications.” 

“We’re pushing the state-of-the-art in supercomputing,” he 
added. “We can’t give you reality just yet, but we’re getting 
closer every day.”D 
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New products 


The Booch Components 

The Booch Components is a carefully 
engineered library of over 500 highly reusable 
components. Standard abstract data types are 
supported, such as stacks, queues, trees, 
graphs, and lists. Several utility packages 
provide sorting, searching, pattern matching 
and other capabilities. The components are 
bundled with the best-selling textbook 
Software Components With Ada by Grady 
Booch. Meridian is the exclusive distributor of 
The Booch Components for Apple Macintosh, 
IBM PC/compatibles, and Sun Microsystems 
workstations. 


Application Interface Management 
System (AIMS) 

AIMS is a productivity-enhancing set of tools 
and libraries for constructing application user 
interfaces with Meridian AdaVantage for 
MS-DOS. AIMS enables programmers to 
quickly define configurable interactive 
applications such as point-of-sale registry, 
inventory control, reservation management, 
and scientific data entry. AIMS assists 
developers by automating routine coding to do 
formatting, justification, editing, and data 
validation. 


The Meridian Ada technology and market 
leadership tradition continues with the 
introduction of The Booch Components” 
and the Application Interface 
Management System. 

At Meridian, we develop and market products with 
our customer and our customer’s future in mind. We 
believe today’s state-of-the-art productivity solution 
must integrate with tomorrow’s. Meridian is 
committed to an evolving, modular product 
architecture, incorporating tools and libraries to 
assist the Ada developer. 

Meridian’s Ada products are available for IBM PC/ 
compatibles and Apple Macintosh. In early 1989 we 
will introduce product lines for Sun Microsystems 
workstations and DEC VAX hosts. 

product pro file 

Professional Development Kit — A cost- 
effective Ada Programming Support Environment 
for IBM PC/compatibles. Includes AdaVantage 
Optimizing Compiler, Debugger, Ada Developer 
Interface, and DOS and Utility Libraries. 

AdaVantage v2.2 Optimizing Ada Compiler — 

Optional support for protected mode is now 
available with AdaVantage for IBM PC/ 
compatibles. Allows access to the full address 
space of 80286. 

AdaVantage for the Apple Macintosh is the only 
Ada compiler available for the native Macintosh 
Operating System. 

AdaVantage Debugger — The AdaVantage 
Debugger is a complete, Ada source-level 
debugger. 

Ada Developer Interface — APSE interface with 
“point and click” interaction. Includes Ada editor, 
formatter, "make" function, and "what-if” analysis. 

Run-Time Customization Library — Allows 
preparation of Ada application programs for 
execution on an 80X86-based embedded system. 

Meridian SHARP — On-line Ada reference 
manual and Ada software engineering 
courseware for the Mac. 



23141 VERDUGO DRIVE • SUITE 105* LAGUNA HILLS, CALIFORNIA 92653 
800/221 -2522 (Outside California) • 71 4/380-9800 (Inside California) 

Telex: 650-268-0547 MCI • Fax: 714/380-1683 

□ The information contained herein is subiecl to change without notice. □ AdaVantage, AdaTraining, 
AdaDesigner and AdaStarter are trademarks ol Meridian Software Systems, Inc References to other computer 
systems use trademarks owned by the respective manufacturers. □ Copyright* 1 988 Meridian Software Systems, Inc. 
All rights reserved. 
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New product ideas 

New Product Ideas are Just a priate section In this Issue. If you 
few of the many Innovations are Interested in developing a 

described in this Issue of NASA product from these or other NASA 
Tech Brief s and having promising innovations, you can receive fur- 

commercial applications. Each Is ther technical Information by re- 
dlscussed further on the questing the TSP referenced at 

referenced page In the appro- the end of the full- 


length article or by writing the 
Technology Utilization Office of 
the sponsoring NASA center (see 
page 18). NASA’s patent-licensing 
program to encourage commer- 
cial development Is described on 
page 18. 


Self-Protecting 
Heat Exchanger 

A proposed double-wall heat-exchanger 
tube would protect itself from overloads. 
When the temperature at any location on 
the tube increases above a prescribed 
limit, the thermal resistance through the 


walls of the tube would increase at that 
location. When the heat load falls to a nor- 
mal level, the tube would automatically 
lower its thermal resistance and resume 
heat exchange at its rated capacity. 

(See page 61 ). 


InvenTpch 


WHERE INDUSTRY 
MEETS INNOVATION 



The business-to-business forum 
for Technology Transfer, 

Licensing and Invention. 

April 2-4, 1989 
Anaheim Convention Center 

Join in one of the specialized pavilion areas: 

Electronics, Energy, Aerospace, Communications, 

Materials, Pharmaceuticals, Medical Devices, 

Agriculture, Environment or Individual Inventors. 

For more information about exhibiting or attending, 
call 1-800-243-2815: (203-853-0400 in Connecticut 
or outside the U.S.) or send the coupon below. 

InvenTech Expo is sponsored by Inventors Workshop International h 1 1 m d I I 
and the Technology Transfer Society. ri UH d 

[ '.PgSiPONiS 


InvenTech 

Send to: 

□ Yes, I’d like more information about exhibiting. 

□ Yes, I’d like more information about the conference. 

Name 

InvenTech Expo 
Edged Expositions 
50 Washington Street, 1 0th Floor 
Norwalk, CT 06854 

Title 

Company 

Address 

aimv. 

EXPOSITIONS 

City 

State/Zip 

A Division of Edged Communications. Inc. 

Telephone ( ] MTB 



Circular-Waveguide 
Power Combiner/Divider 

A waveguide coupling device combines 
power from 16 input ports into 1 output 
port or distributes power from 1 input to 16 
outputs. Operating at frequencies of 55 to 
67 GHz, the combiner/divider exhibits an 
insertion loss of no more than 1 dB and a 
return loss of at least 12 dB. 

(See page 34). 

Airplane Takeoff-and- 
Landing Monitoring System 

The Takeoff Performance Monitoring 
System (TOPMS) is designed to increase 
safety during takeoffs and landings of air- 
craft. The system provides valuable take- 
off/abort/landing information not currently 
available in the cockpit and presents it in 
forms that are simple and easily monitored 
by the pilots. 

(See page 36). 

Protective Socket for 
Integrated Circuits 

A built-in switch in a proposed socket 
would protect an 1C from excessive volt- 
ages and currents. The socket would con- 
tain a built-in switch that would open as the 
1C is removed, thereby disconnecting its 
leads, and that would close as the 1C is in- 
serted, thereby connecting the leads elec- 
trically. 

(See page 20). 

Convertible Gas- 
Turbine Engines 

Convertible engines could be used to 
power vertical/short-takeoff-and-landing 
(V/STOL) airplanes and advanced high- 
speed rotorcraft. Studies of conceptual 
high-speed rotorcraft have shown that 
these engines can save as much as 16 
percent in fuel and 20 percent in direct op- 
erating costs. 

(See page 68). 

Automated Water- 
Purification System 

An automatic water purifier uses re- 
verse osmosis to purify raw well water 
from 500 to 600 ppm of dissolved solids to 
less than 45 ppm. Processing water at 15 
gal/min (0.95 L/s), the system is regulated 
by a programmable controller that mini- 
mizes manual maintenance and monitor- 
ing. (See page 70). 
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Our Experience 
is relative to None. 

No one comes close to BEI’s 20 year history 
of space program experience. Proven on 
dozens of successful missions including; 
Orbiting Astronomical Observatory • Apollo 
Telescope Mount • Synchronous Meteorolo- 
gical Satellites including SMS, GOES, GMS, 
VAS • Solar Maximum Mission • SAAM • 
Space Sextant • Galileo Deep Space Probe • 
Space Telescope • Space Shuttle — encod- 
ers and commutators • And other programs. 


The Genius 
of our Design. 

BEI's unique design features result in the 
highest accuracy and reliability obtainable 
anywhere. Better than 0.6 arcsecond accu- 
racy proven by actual test. And a MTBF on 
many space rated models in excess of 
950,000 hours. Our long established systems 
and procedures are in compliance with high 
quality criteria NHB-5300.4 (3 A- 1 ) and MIL- 
Q-9858A, and high reliability criteria MIL- 
STD-785. Contact BEI for more details. 


am 
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BEI MOTION SYSTEMS COMPANY 

Digital Products Division 

P.O. Box 3838 ■ Little Rock, AR 72203 ■ (501) 851-4000 





YOU CAN BENEFIT 
FROM NASA’S 
TECHNOLOGY 
UTILIZATION 
SERVICES 


If you’re a regular reader of TECH BRIEFS, then you’re already 
making use of one of the low- and no-cost services provided by 
NASA’s Technology Utilization (TU) Network. But a TECH 
BRIEFS subscription represents only a fraction of the technical 
information and applications/engineering services offered by 
the TU Network as a whole. In fact, when all of the components 
of NASA's Technology Utilization Network are considered, 
TECH BRIEFS represents the proverbial tip of the iceberg. 

We've outlined below NASA’s TU Network— named the 
participants, described their sen/ices, and listed the individuals 
you can contact for more information relating to your specific 
needs. We encourage you to make use of the information, 
access, and applications services offered by NASA’s 
Technology Utilization Network. 


How You Can Utilize NASA’s Industrial Applications Centers— A nationwide network offering a broad range 
of technical services, including computerized access to over 100 million documents worldwide. 

Y ou can contact NASA’s network of Industrial Applications Centers (lACs) for assistance in solving a specific technical problem or meeting your 
information needs. The "user friendly’’ lACs are staffed by technology transfer experts who provide computerized information retrieval from one of 
the world’s largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA’s own data base to Chemical Abstracts and INSPEC, 
are accessible through the ten lACs located throughout the nation. The lACs also offer technical consultation services and/or linkage with other experts 
In the field. You can obtain more information about these services by calling or writing the nearest I AC. User fees are charged for I AC information services. 


Aerospace Research 
Applications 
Center (ARAC) 

Indianapolis Center for Advanced 
Research 

611 N. Capitol Avenue 
Indianapolis, IN 46204 
Dr. F. Timothy Janis, Director 
(317) 262-5036 

Rural Enterprises, Inc. 

Central Industrial Applications 
Center/NASA (CIAC) 

P.O. Box 1335 

Durant, OK 74702 

Dr. Dickie Deel, CIAC Director 

(405) 924-6822 

North Carolina Science and 
Technology Research Center 
(NC/STRC) 

Post Office Box 12235 


Research Triangle Park, NC 
27709 

H. Lynn Reese, Director 
(919) 549-0671 

NASA Industrial Applications 

Ctr. 823 William Pitt Union 
University of Pittsburgh 
Pittsburgh, PA 15260 
Dr. Paul A. McWilliams, 

Exec. Director 
(412) 648-7000 

NASA/Southern Technology 
Applications Center 

Box 24 

Progress Ctr., One Progress Blvd. 

Alachua, FL 32615 

J. Ronald Thornton, Director 

(904) 462-3913 

(800) 354-4832 (FLonly) 

(800) 225-0308 (toll-free US) 


NASA/UK Technology 
Applications Program 

University of Kentucky 
109 Kinkead Hall 
Lexington, KY 40506-0057 
William R. Strong, Director 
(606) 257-6322 
NERAC, Inc. 

One Technology Drive 
Tolland, CT 06084 
Dr. Daniel U. Wilde, President 
(203) 872-7000 

Technology Application Center 
(TAC) 

University of New Mexico 
Albuquerque, NM 87131 
Dr. Stanley A. Morain, Director 
(505) 277-3622 


NASA Industrial Applications 
Center (WESRAC) 

University of Southern California 
Research Annex 
3716 South Hope Street, Room 
200 

Los Angeles, CA 90007-4344 
Radford G. King, Exec. Director 
(213) 743-8988 
(800) 642-2872 (CA only) 

(800) 872-7477 (toll-free US) 
NASA/SU Industrial Applications 
Center 

Southern University Department 
of Computer Science 
P.O. Box 9737 

Baton Rouge, LA 70813-9737 
Dr. John Hubbell, Director 
(504) 771-6272 


If you represent a public sector organizat ion with a particular need, you can contact NASA’s Application T earn for technology matching and problem solving 
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and 
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research Triangle 
Park, NC 27709. Doris Rouse, Director, (919) 541-6980 


How You Can Access Technology Transfer Services At NASA Field Centers: 

Technology Utilization Officers & Patent Counsels— Each NASA Field Center has a Technology Utilization 
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 

If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If aTSP is not available, 
you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in applying the 
technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are interested 
in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference number 
at the end of the Tech Brief. 


Ames Research Ctr. 

Technology Utilization 
Officer: Laurance Milov 
Mail Code 223-3 
Moffett Field, CA 94035 
(415) 694-4044 
Patent Counsel: 

Darrell G. Brekke 
Mail Code 200-11 
Moffett Field, CA 94035 
(415) 694-5104 
Lewis Research Center 
Technology Utilization 
Officer: Daniel G. Soltis 
Mail Stop 7-3 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433-5567 
Patent Counsel: 

Gene E. Shook 
Mail Code 301-6 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433-5753 


John C. Stennls 
Space Center 

Technology Utilization 
Officer: Robert M. 
Barlow 
Code GA-00 
Stennis Space Center, 
MS 39529 
(601)688-1929 
John F. Kennedy 
Space Center 
Technology Utilization 
Officer: Thomas M. 
Hammond 
Mail Stop PT-PMO-A 
Kennedy Space 
Center, FL 32899 
(407) 867-3017 
Patent Counsel: 

James O. Harrell 
Mail Code PT-PAT 
Kennedy Space 
Center, FL 32899 
(407) 867-2544 


Langley Research Ctr. 

Technology Utilization 
Officer: John Samos 
Mail Stop 139 A 
Hampton, VA 23665 
(804) 865-3281 
Patent Counsel: 
George F. Helfrich 
Mail Code 279 
Hampton, VA 23665 
(804) 865-3725 
Goddard Space Flight 
Center 

Technology Utilization 
Officer: Donald S. 
Friedman 
Mail Code 702.1 
Greenbelt, MD 20771 
(301) 286-6242 
Patent Counsel: 

R. Dennis Marchant 
Mail Code 204 
Greenbelt, MD 20771 
(301)286-7351 


Jet Propulsion Lab. 

NASA Resident Office 
Technology Utilization 
Officer: Gordon S. 
Chapman 
Mail Stop 180-801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-4849 
Patent Counsel: 

Paul F. McCaul 
Mail Code 180-801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2734 
Technology Utilization 
Mgr. for J PL: Dr. Nor- 
man L. Chalfin 
Mail Stop 156-211 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 


George C. Marshall 
Space Flight Center 

Technology Utilization 
Officer: Ismail Akbay 
Code AT01 

Marshall Space Flight 
Center, 

AL 35812 
(205) 544-2223 
Patent Counsel: 

Bill Sheehan 
Mail Code CC01 
Marshall Space Flight 
Center, 

AL 35812 
(205) 544-0024 


Lyndon B. Johnson 
Space Center 

Technology Utilization 
Officer: Dean C. Glenn 
Mail Code IC-4 
Houston, TX 77058 
(713) 483-3809 
Patent Counsel: 
Edward K. Fein 
Mail Code AL3 
Houston, TX 77058 
(713) 483-4871 
NASA Headquarters 
Technology Utilization 
Officer: Leonard A. Ault 
Code CU 

Washington, DC 20546 
(202) 453-2119 
Assistant General 
Counsel for Patent 
Matters: Robert F. 
Kempf, Code GP 
Washington, DC 20546 
(202) 453-2424 


A Shortcut To Software: COSMIC® — For software developed with 
NASA funding, contact COSMIC, NASA’s Computer Software Manage- 
ment and Information Center. New and updated programs are announc- 
ed in the Computer Programs section. COSMIC publishes an annual 
software catalog. For more information call or write: COSMIC 1 , 382 
East Broad Street, Athens, GA 30602 John A. Gibson, Dir., (404) 
542-3265 


If You Have a Question . . . NASA Scientific & Technical Infor- 
mation Facility can answer questions about NASA’s Technology 
Utilization Network and its services and documents. The STI staff sup- 
plies documents and provides referrals. Call, write or use the feedback 
card in this issue to contact: NASA Scientific and Technical Informa- 
tion Facility, Technology Utilization Office, P.O. Box 8757, Baltimore, 
MD 21240-0757. Walter M. Heiland, Manager, (301) 859-5300, Ext. 242, 
243 
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© Eastman Kodak Company, 79 88 


New. KODAK SV5035 Slide/Video Transfer 
Unit. Look what you can do by converting your 
35 mm slides into high-quality video signals. 

This advanced technology from Kodak lets you 
crop images electronically to eliminate un- 
wanted background, zoom to magnify details, 
rotate to straighten perspective, enhance color, 
brightness, and sharpness — as you watch on 
a monitor. 

Slide-to-video images can be displayed, 
broadcast, printed, or stored on still video 
floppy disks and other electronic media. You 
can also control the unit with a personal com- 
puter to prepare presentations with a wide 
variety of special effects. 

This innovation joins our growing family 
of products that capture, store, display, print, 
and transmit high-quality still video images in 
continuous-tone color. They improve image 
handling efficiency in business , industry, and 
education. For information and the name of 
a dealer who can arrange a demonstration, 
send the coupon or call the number below. 

Imaging Innovations For The Workplace. 

TEACH OLD SIXES 

NEW TRICKS WITH 

SIU VIDEO FROM 

KODAK 




Send me information on the products I have 
checked. 

□ KODAK SV5035 Slide/Video Transfer Unit 

□ KODAK SV9600 Still Video Transceiver 

□ KODAK SV7500 Still Video Multidisk Recorder 

□ KODAK SV7400 Still Video Recorder 

□ KODAK SV6500 Color Video Printer 

□ KODAK SV5000 Video Transfer Stand 

□ KODAK SV1300 Color Monitor 


□ Please have a sales representative contact me. 
Name Title 


Organization. 


Nature of Business 
Address 








Phone No. I L 


Eastman Kodak Company 
Dept 412-L, Rochester, NY 14650 

1 800 44KODAK (1 800 445-6325), Ext 110 


City 


State 
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Protective Socket for 
Integrated Circuits 

A built-in switch would protect 
against transients during 
removal and insertion. 


Goddard Space Flight Center, 
Greenbelt, Maryland 

A proposed socket for integrated cir- 
cuits (IC’s) would protect an 1C from ex- 
cessive voltages and currents or from the 
application of voltages and currents in the 
wrong sequence during insertion or re- 
moval. The socket would contain a built-in 
switch (see figure) that would open as the 
1C is removed, thereby disconnecting its 
leads from signals and power, and that 
would close as the 1C is inserted, thereby 
connecting the leads electrically. The 
socket would also protect other compo- 
nents on the circuit board from transients 
produced by insertion and removal of the 
1C. 

The socket would make it unnecessary 
to turn off power to the entire circuit board 
so that other circuits on the board could 
continue to function. The socket would pre- 
vent inadvertent damage in case one for- 
gets to turn off the main power before in- 
serting or removing an 1C. 

It would also be unnecessary to place 
protective resistors in series with the 1C 
leads to limit transients. Space on circuit 
boards would thereby be saved, and the 
slight deterioration of signal quality that 
protective resistors introduce would be 
avoided. 

The socket would be designed so that 
the switch opens before the leads lose firm 
electrical contact with the socket during 
extraction. During insertion, the switch 
would close only after all leads make firm 
contact. 

For complementary metal oxide/semi- 
conductor (CMOS) IC’s, it is essential that 
no signals be applied until the circuits have 
power. Accordingly, sockets for CMOS IC’s 
would be designed so that during insertion 
built-in switches turn on power before 
other switches admit signals. 

This work was done by Chris Wilkinson 
and Greg Henegar of Goddard Space 
Flight Center. No further documentation 
is available. GSC-13033 



An Integrated-Circuit Package would push a plunger as it is inserted in a socket. The plunger 
would close the contacts on the switch, thereby applying power and signals to the integrat- 
ed circuit. Other sockets, such as those for zero-insertion-force and pin-grid-array packages, 
could be adapted to the built-in-switch concept. 
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MIL-C-38999S, MIL-C-24308S. 
<5ns EMP clamping response, 
plus line-by-line filtering. 

Max protection in zero space. 

Now: meet MIL-Std-461C and 
TEMPEST requirements without 
redesigning or kludging. Meet our tiny 
EMP killers— substrate mounted uni- 
polar or back-to-back zeners that 
tackle voltage surges inside the recep- 
tacle housing, at the pin. In under five 
nanoseconds. 

And: beat noise problems in 
the same space, with our Quiet Line 
absorptive filters. Monolithic titanate/ 
ferrite sleeves offer exactly the low-Q 
characteristics of a lossy transmission 
line. Noise dissipates as heat. No 
internal resonance, no reflections. 


Lightning fast EMP protection 
and Quiet Line filtering are available in 
the configurations you need, including 
38999s, 24308s, ARINC types, and 
bracket-mounted. Ail with the rugged 
engineering and attention to detail you 
can always expect from AMP. 

Let us show you our lightning 
response. For technical information or 
literature, call us at 1-800-522-6752. 
AMP Federal Systems Business 
Group, Harrisburg, PA 17105-3608. 


Interconnecting ideas 


ARINC is a trademark of Aeronautical Radio, Inc. 
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Artisan 

Integrated 

Board 

The New 



Why are so many test engineers in 
production and R&D welcoming the 
new Artisan A7000 full range tester? 

Simply put, it’s the most versatile tester 
you can use and, when you factor in its 
amazing simplicity, probably the least 
expensive. 

Artisan's A7000 offers easy configurabil- 
ity for prototype test, the speed and 
ease of use required in full scale 



OAT 


A 





Defines 

Functional 

lest 

A7000. 


production and straightforward fault 
reporting necessary for field service 
debug. Different problems, different 
environments, different skill levels— 
the same tester. 

The A7000 speaks in a language you'll 
understand. Menus and function keys 
handle all test preparation, execution, 
and evaluation operations. The system 
guides you through every step of testing. 


The evaluation of test results, fault 
reporting, and documentation are taken 
care of automatically. 

The price? A very affordable $45,000. 
Low enough to pay for itself in a matter 
of months. 

Training? One on one, at your site, and 
on your board. 

Service? If you have a problem with our 


product, it’s our problem. We ll make 
sure that you’re up and running within 
24 hours. 

Artisan’s A7000 Integrated Test 
System. The first tester built to be 
your only tester. 

Call for more information or a personal 
demonstration: (203) 871-7322. 
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Estimating Rates of Single-Event Upsets 


Probabilities of errors are calculated from a semiempirical model. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 


A mathematical model yields estimates 
of the upper and lower bounds on the rates 
of single-event upsets (SEU’s) in logic cir- 
cuits. SEU’s are reversible changes in 
logic states, caused by single high-energy 
ions. The model should be useful in the 
design of such integrated circuits as high- 
density memories for minimal susceptibili- 
ty to bit errors. 

According to the model, SEU occurs in a 
memory cell that holds 1 bit when an ion 
penetrates a critical volume V c in the cell 
and deposits there enough energy, E c , to 
form at least a critical charge Q c . The pa- 
rameters in the model are obtained experi- 
mentally by measuring the rates of the 
SEU’s and the energies deposited by ions 
that come to rest in and that pass through 
the critical volume of the cell (see figure). 

First, the minimum ion energy E c for 
SEU is assumed to be the measured ener- 
gy of high-stopping-power heavy ions (e.g., 
bromine) that enter the cell along a track 
perpendicular to the surface and come to 
rest in the critical volume. The critical 
charge, Q c , in picocoulombs, is assumed 
to be given by Q c = E c /22.5, E c being ex- 
pressed in megaelectronvolts. The ion en- 
ergy is then increased until the measured 
SEU cross section, A, per bit (that is, per 
cell) reaches its maximum value, A max . 

Next, measurements are made with 
light ions (e.g., carbon) of lower stopping 
power, which pass through the critical 
volume of the cell. In this case, the max- 
imum ion energy that causes SEU is deter- 
mined since the stopping power de- 
creases with increasing energy The values 
of the linear energy transfer (LET) and 


linear charge transfer (LCT) at this energy 
correspond to the critical values LET C and 
LCT c , respectively, of these two parame- 
ters. The charge-collection depth, d, is 
calculated in micrometers from the follow- 
ing: 

d = Qc/LCT, 

where Q c is in picocoulombs, LCT is in 
picocoulombs per micrometer, and LET fin 
MeV.cm 2 /mgyLC7’= 100 (MeV.cm 2 .^)/ 
(mg.pC). The critical volume is then given 

In applying the model to an ion track that 
passes through the cell at an arbitrary 
angle (0) and has a chord length L through 
the cell, SEU is assumed to occur if the col- 


lected charge 0 = L.LCTisatleastO c .To 
estimate the rate of SEU contributed by 
ions entering from all angles, it is neces- 
sary to have detailed data on the LET spec- 
trum and its dependence on the orientation 
of the ion track. However, the minimum er- 
ror rate can be estimated by assuming that 
all the ions in a given radiation environment 
enter at normal incidence (producing the 
shortest possible bn track in the shallow 
critical volume), while the maximum error 
rate can be estimated as that of particles 
traveling along the body diagonal (the 
longest possible ion track) through the 
critical volume. 

This work was done by John A. 
Zoutendyk of Caltech for NASA’s Jet Pro- 
pulsion Laboratory. For further informa- 
tion, Circle 152 on the TSP Request Card. 
NPO-17270 



Energetic Ions are passed through the device in question along tracks perpendicular to the 
surface, to determine the parameters of the model for SEU. The parameters are then used to 
estimate the rates of SEU caused by ions of various energies incident at arbitrary angles. 


Lens Antenna for Mobile/Satellite Communication 

A phased array of elements would lie flat on top of a vehicle. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 


A proposed flat, compact antenna 
made of stripline elements would be aimed 
at a fixed elevation angle but could be 
steered electronically in azimuth. The an- 
tenna is required to transmit and receive 
circularly polarized radiation in the fre- 
quency ranges of 821 to 825 and 860 to 
870 MHz, respectively, at elevation an- 
gles from 20° to 60° and at all azimuthal 
angles. Intended for use in the Mobile/Sat- 
ellite Service, the antenna would be mount- 
ed on top of a vehicle on Earth and used to 
keep the transmitted and received antenna 
beams aimed approximately toward a 
communication satellite. 


The design is simplified by maintaining 
a fixed elevation and relying on the width 
of the beam to cover the desired elevation 
range. The design is simplified further, 
and the need for a phase shifter at each 
radiating element is eliminated by arrang- 
ing the elements in circles and feeding 
them through stripline disks called “R-KR 
lenses” (see Figure 1). Connectors are 
distributed at equal intervals around the 
edge of each lens to provide ports to the 
signal. The elevation angle depends on the 
radius ratio K and the dielectric constant of 
the stripline substrate. The relationships 
among the ports, elements, and lens are 


such that the far radiation fields of the 
elements add in phase along the desired 
beam directbn. 

A pair of lenses is required per circle of 
elements for complete azimuth coverage. 
For complete illumination of the aperture, it 
is necessary to use two lens pairs: an up- 
per (B 1 and B 2 in Fig. 2) and a lower pair (A 1 
and Ag in Fig. 2). Radiating elements are 
connected to the lenses and their 
associated switching networks (see Figure 
2) through 90° hybrids. The switching net- 
work for each lens includes two 90° 
hybrids, a 360° phase shifter, and a 
positive/intrinsic/negative diode for each 
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Make A Graphic Impression 
On Your Audience 

With the Panasonic’ DataMaster 


No matter what you’re presenting, or 
whom you’re presenting to, it’s easy to 
see why the Panasonic DataMaster 
(PT-105) is the automatic choice for big 
screen (up to 120") computer generated 
graphics and data. 

Take its totally automatic scanning 
capability. Regardless of the PC you’re 
using, the DataMaster provides 
complete, automatic adjustment. In 
fact, the DataMaster interfaces with 
virtually any computer with a scanning 
frequency of 15kHz-37kHz horizontally* 
and 50Hz to 100Hz vertically. That 
makes it ideal when you want to make a 
graphic impression on your audience. 

The DataMaster continues to shine 
when it comes to picture quality. Three 
high power liquid cooled CRT’s, a 
silicone gel optical coupling system, 


and a dual focus 5 element hybrid lens 
configuration team-up to produce eye 
pleasing specs. A bright 550 lumens, 
horizontal resolution of 1,100 lines 
(RGB) and 650 lines for video. 

When it comes to international video 
formats, the DataMaster is right at 
home. It automatically compensates for 



PAL, SECAM, NTSC and M/NTSC 
formats. The DataMaster also features 
a wide selection of input facilities 
including S-VHS, line-in, RGB 1, RGB 2 
and audio. 

The Panasonic DataMaster PT-105. 
The picture is big. The performance is 
even bigger. 

For more information on the 
Panasonic DataMaster, call Panasonic 
Industrial Company at 1-800-553-7222. 
Or contact your local Panasonic 
Professional/Industrial Video Dealer. 

Panasonic 

Professional/Industrial Video 

'Special interfaces may be required. 

Simulated picture 
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element. Each diode acts as the on/oft 
switch for its port, while the hybrid phase- 
shifter arrangement enables power to be 
shared between ports, thereby doubling 
the number of azimuthal aiming angles and 
reducing the variation of gain with azimuth 
angle between selectable beam direc- 
tions. 

Of the two designs subjected to comput- 
er simulation, the more successful one in- 
volved a 2-ring system with 12 elements 
on the inner ring and 12 on the outer ring. 
The worse case gain at any azimuth angle 
including all losses as well as lobing losses 
resulting from satellite tracking, is 12.3 
dBic at 40°, 10.2 dBic at 60°, and 8.7 dBic 
at 20° elevation. This configuration pro- 
duces 48 beams and provides 360° of azi- 
muthal coverage. 

. Figure 1. An “R-KR Lens” is a circular 
stripline element that sets the proper phase 
relationships among radiating antenna 
elements. 
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Figure 2. The Choice of Input or Output Ports determines the azimuth of the transmitted or received beam in this two-ring, four-lens antenna. 
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THE COOPERATION OF 5 COUNTRIES HAS 
ASSURED EFFICIENCY ON THE GROUND 
AND RELIABILITY IN THE AIR : Airbus was 

DESIGNED AND EQUIPPED THROUGH THE COOPERATION AND 
PARTNERSHIP OF A EUROPEAN COUNTRIES AND THE U.S.A. THE 
ENGINES AND AVIONICS FOR EXAMPLE. ARE PARTLY DESIGNED 
AND BUILT IN COOPERATION WITH THE AMERICANS. AIRBUS 
ANSWERS THE PRECISE REQUIREMENTS OF AMERICAN, PAN AM. 

Northwest. Eastern. Continental, Air Canada and 
Canadian International, who fly and will fly their 
colors. The quality of the work and the originality of 

THE CREATIVE EFFORT KEEPS US UP THERE — MEET THE TEAM. 


’c'TOS p 

jerospatioV. 
lerospatiale 
rospatialf 
*^os pat'#' 

aerospatiale 

AEROSPATIALE INC 1101. 15th STREET N.W WASHINGTON DC 20005 
PHONE 2022930650 
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This work was done by D. G. Bodnar and 
B. K. Rainer of Georgia Tech Research In- 
stitute for NASA’s Jet Propulsion Labo- 
ratory. For further information, Crete 127 
on the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 


this invention. Inquiries concerning rights 
for its commercial use should be ad- 
dressed to 

Edward Ansell, 

Director of Patents and Licensing 
Mail Stop 301-6 

California Institute of Technology 


1207 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-16948, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


Measuring Critical Charges for Single-Event Upsets 

A test circuit would make direct measurements possible for the first time. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


Bit Bit 



CONVENTIONAL CELL 



MODIFIED CELL 


A Conventional Static RAM Ceil Is Modified by eliminating the feedback connection of node 
b and turning off transistors and M^. 


A concept for determining the suscepti- 
bility of integrated circuits to single-event 
upsets (SEU’s) is based on the direct 
measurement of the critical charge that 
would cause an upset. Caused by cosmic 
rays and other ionizing radiation, SEU’s are 
false changes of logic states in memory 
circuits. 

The critical charge of a latch or memory 
cell has never been measured directly. It 
has only been inferred in tests involving 
bombardment by heavy ions and from er- 
ror-prone numerical simulations. A test cir- 
cuit embodying the concept would make it 
possible to evaluate vulnerability to SEU 
during design and development of digital 
equipment. 

The proposed test circuit is a modified 
version of a standard complementary 
metal-oxide/semiconductor static cell (see 
figure). The cell contains six transistors, 
connected to form a latch that retains the 
state of the cell set by input pulses. 

The latch proper consists of two 
p-channel transistors M^and M^and two 
n-channel transistors and M^. Two 

n-channel transistors and M to , con- 

trolled by the word line of the cell, give the 
bit lines access to the latch. 

In the test cell, the feedback connection 
at node b in the standard cell is omitted, 
and transistors and are turned off 
by rewiring the cell. In this configuration, 
the cell can be charged to the critical 
voltage that causes it to change its output 
logic state, and the charge at node a (the 
critical charge) can be isolated in prepara- 
tion for measurement. Before the meas- 
urement, an isolation step neutralizes the 
effect of the large stray capacitance of the 
bit lines, the test-probe pad, and the instru- 
ment wires. Otherwise, the charge stored 
in the stray capacitance at the critical 
voltage would swamp the charge-measur- 
ing equipment because it is large in com- 
parison with the cell charge that one is try- 
ing to measure. 

In operation, the cell is first charged by 
raising V F to the critical potential (thereby 
unavoidably also charging the stray capac- 
itance to the critical potential). Then the cell 
is isolated by opening access transistor 
M ta so that the critical potential on node a 
is maintained while the charge on the stray 


capacitance is discharged through the 
charge-measuring equipment (without tak- 
ing a measurement) by reducing V F to zero. 
At this point, transistor M ta is closed, and 
the charge on node a flows initially into the 
stray capacitance and finally discharges 
completely through the charge-measuring 
equipment, which is activated this time to 
take a measurement to determine the criti- 


cal charge. The charge is expected to be 
quite small — 0.1 to 1 picocoulomb or be- 
tween 500,000 and 5 million electrons. 

This work was done by Martin G. 
Buehler and Brent R. BJaes of Caltech for 
NASA’s Jet Propulsion Laboratory. For 
further informatbn, Circle 64 on the TSP 
Request Card. 

NPO-17073 
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WE PLAY OUR PART IN DEFENDING THE 
FREE WORLD. In France, Aerospatiale has unique 

RESPONSIBILITY AS PRIME CONTRACTOR FOR BOTH STRATEGIC 
NUCLEAR IRBM AND SLBM MISSILE SYSTEMS, THE HEART OF 
THE FRENCH DETERRENT FORCE. AEROSPATIALE ALSO BUILDS 
SUCH MISSILES AS EXOCET, ERYX AND ASTER AND PARTICI- 
PATES IN COMMON RESEARCH AND DEVELOPMENT PROGRAMS 
FOR MAJOR SYSTEMS, THUS SHARING RESPONSIBILITY FOR THE 
FREE WORLD’S DEFENSE. THIS ESSENTIAL COOPERATIVE EFFORT 
REQUIRES A PARTNERSHIP OF CONFIDENCE. MEET THE TEAM. 
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Handrail Lighting Module 

A fluorescent lamp fits inside a transparent plastic handrail. 


Lyndon B. Johnson Space Center, 

A lightweight, space-saving, combined 
handrail-and-fluorescent-light unit can 
serve decorative or safety functions. The 
fluorescent lamp is mounted inside a clear 
tubular plastic housing shaped to form a 
handrail. Depending on the type of power 
and mounting connector used at the ends 
of the unit, such handrails could be de- 
signed for either temporary or permanent 
installation. As part of an emergency 
lighting system, such handrails could be 
used to illuminate and call attention to 
escape ladders, hatches, or exits. Direc- 
tional arrows or other signs could be 
placed inside handrails to be illuminated by 
the lamps. 

The handrail light (see figure) was origi- 
nally proposed as a dual-function, weight- 
saving way to provide temporary lighting at 
various locations in the Space Station. A 
plastic tube of 1-in. (2.54-cm) outer diame- 
ter encloses a T-5-size, miniature, pinless, 

13-W fluorescent lamp. The curved ends of 
the assembly provide 2% in. (67 mm) of 
clearance between the handrail and the 
mounting surface to provide room to grasp 
the handrail. The handrail is approximately 
39 in. (1 m) long. A rotatable metal shield 
controls the angular distribution of light 
around the rail, confining the light to one 
side. Depending on the application, the 
starter/ballast necessary for 110-Vac oper- 
ation could be located either in the handrail 
or on or behind the mounting surface. 

This work was done by John P. Mattei of 
Rockwell International Corp. for Johnson 
Space Center. For further information, 

Circle 17 on the TSP Request Card. 

MSC-21302 


A Combined Handrail and Fluorescent 
Light can save space and weight while ser- 
ving either a decorative or a safety function. 


Houston, Texas 



Hazard-Free Pyrotechnic Simulator 

A testing circuit checks firing circuits without setting off electroexplosive devices. 
Goddard Space Flight Center, Greenbelt, Maryland 


A simulator evaluates the performance 
of firing circuits for electroexplosive de- 
vices (EED’s) safely and inexpensively It 
tests the circuits realistically when the 
pyrotechnic squibs are not connected to 
them' and thus eliminates the risks of ex- 
plosions. 

Previous methods of testing firing cir- 


cuits sometimes caused latent damage 
that later prevented EED’s from being 
fired. For example, flashbulbs or fast-blow 
fuses were substituted for the EED’s dur- 
ing testing. However, the resistances of 
such devices varied widely, and they there- 
fore did not present a uniform load repre- 
sentative of a real EED to the firing circuit. 


Moreover, they often damaged the protec- 
tive resistors, which were intended to re- 
duce power when the EED’s failed as short 
circuits. Damaged resistors left the firing 
circuits open and incapable of activating 
the EED’s. Sometimes real EED’s were 
used and replaced after testing, but they 
were costly and showered the test area 
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OUR PARTNERSHIP CAN START RIGHT 

HERE. AS A MEANS TO SUCCESS. WE ARE EAGER TO DISCUSS A 
PARTNERSHIP IN ANY AREA OF MUTUAL. INTEREST: SPACE. HELI- 
COPTERS. AIRCRAFT AND DEFENSE. COMBINING OUR AEROSPACE 
TECHNOLOGY WITH YOUR EXPERTISE CAN ONLY RESULT IN OPEN- 
ING NEW FRONTIERS. USE THIS SPACE TO WRITE TO US ABOUT 
YOUR AREA OF INTEREST. AND PLEASE ATTACH YOUR BUSINESS 
CARD. WE INVITE YOU TO MEET YOUR AEROSPATIALE TEAM. 
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with hot pyrotechnic debris. 

The new instrument avoids the prob- 
lems by presenting a controlled, simulated 
load to the firing circuit. Developed to test 
the firing circuits of pyrotechnic separation 
devices on spacecraft, the simulator can 
also be used to test safely such devices as 
batteries where the test conditions might 
otherwise degrade them. 

The simulator (see figure) applies a 
nominal pulsed load of 1 Q, representing 
the EED, to the circuit under test. It meas- 
ures the firing current that the EED firing 
circuit supplies to the load, displays the 
value on a digital panel meter, and gives a 
visual go/no-go indication of the condition 
of the firing circuit. The load pulse lasts only 
1 50 ms — too short a time to harm the fir- 
ing circuit, its protective resistor, or the 
EED battery. 

The simulator is easy to use. The opera- 
tor connects it to the prime and backup fir- 
ing circuits and switches the simulator 
power on. The operator closes the ground- 
safety barometric switch on the firing cir- 
cuits, and the prime and backup timers 
start to run. The simulator applies the prop- 
er load to the firing circuit and indicates the 
test results. There is no need to interrupt 
tests of other systems. 

This work was done by William B. 
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This Compact Instrument Displays the Measured Value of firing current as well as an indica- 
tion of the condition of the firing circuit: "Pass” indicates a firing current greater than 5.5 A. 
“Caution” indicates a firing current of 2.75 to 5.5 A. “Low Battery” indicates a current be- 
tween 0.5 and 2.75 A. At firing currents below 0.5 A, the simulator does not respond. 

McAlister, Jr, of Goddard Space Flight on the TSP Request Card. 

Center. For further informatbn, Circle 29 GSC-13111 


Tunable Microwave Cavity for Ion Source 

Positions of components are adjusted for resonance. 


Lewis Research Center, 
Cleveland, Ohio 

A tunable microwave cavity can be 
used to ionize a gas or a metal vapor to pro- 
vide a source of ions. Such methods as di- 
rect-current (dc) cathode discharges, 
radio-frequency (RF) induction, and micro- 
wave resonance in cavities have been 
used to generate gaseous plasma dis- 
charges, from which ions have been ex- 
tracted to produce ion beams. All of these 
approaches have certain disadvantages. 
In the dc method, cathodes that are heated 
to emit electrons are subject to sputter ero- 
sion and chemical deterioration. Over 
time, the RF-induction method produces 
changes in operating characteristics due 
to the deposition of sputtered films of con- 
ductive material on components used in 
the process. 

In the microwave-resonance/tunable- 
cavity method, RF energy is injected into a 
cavity and produces a plasma in a cell that 
contains vapor at one end of the cavity. 
This is an electroless discharge without the 
disadvantages of the dc-cathode-dis- 
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A Movable Probe and a Tuning Wall are adjusted to obtain resonance at the microwave fre- 
quency used to generate a plasma in a cell at one end of a microwave cavity. 
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Systems integration. The science of 
mixing apples and oranges. Yet when you 

look inside, there’s 
an art to creating 
• simple solutions 

to complex problems. It’s an art Grumman Data Systems has been perfecting for more 
than 25 years. We design, develop, integrate, operate and maintain information systems 
that are cost-effective. Reliable. User-friendly. Dependable. In short, value-added 
systems that do more than meet program requirements. For more information, contact 
Grumman Data Systems, 

1000 Woodbury Road, Woodbury, 

NY 11797. (516) 682-8500. 







charge and RF-induction methods. How- 
ever, it is extremely difficult to tune the mi- 
crowave cavity to resonance because it is 
necessary to position an RF coupling tip 
precisely within the cavity. The required po- 
sition depends on such factors as the di- 
mensions of the cavity and the type and 
amount of vapor to be used. 

To achieve precise positioning, a coax- 
ial probe extends into the microwave cavi- 
ty through a tube (see figure). One end of 
the tube is retained in a spherical joint in 


the cavity wall so that the probe can be 
pivoted. The probe can be slid in the tube to 
extend or retract it as needed. Mecha- 
nisms are provided for moving the tube in 
both a side-to-side and back-and-forth mo- 
tion. 

A tuning wall in the cavity is moved by 
threaded rods extending through threaded 
bushings, which are geared together. 
Thus, the rotation of one of the bushings 
causes the other bushings to rotate simul- 
taneously, thereby positioning the tuning 


Circular-Waveguide Power Combiner/Divider 

A large number of inputs or outputs can be accommodated. 


Goddard Space Flight Center, Greenbelt, Maryland 


Because solid-state sources have 
limited power output at millimeter wave- 
lengths, it is often necessary to combine 
the power from many devices to achieve 
the required transmitter power. Several ad- 
vantages accrue if the power output is in 
the TE 01 mode of circular waveguide 
rather than of the more-conventional rec- 
tangular waveguide. This circular mode 
has lower loss than that of the rectangular 
guide and is ideal for the construction of 
the rotary joints that are often required be- 
tween the transmitter and antenna. There- 
fore, a power combiner/divider has been 
devised in which the output from several 
solid-state modules can be combined 
directly into the TE 01 mode of the circular 
waveguide. 


The principle of operation is most easily 
explained for the combining mode. An ar- 
bitrary number, N (in this case, N = 16, but 
more or fewer could be used), of radio- 
frequency sources radiate power through 
N rectangular waveguides, which con- 
verge radially and symmetrically until they 
terminate on the circumference of a cir- 
cular waveguide (see Figure 1). The elec- 
tromagnetic fields of the rectangular 
waveguides are coupled through irises to 
the electromagnetic field of the circular 
waveguide. 

The rectangular waveguides are orient- 
ed with their broad-wall dimensions paral- 
lel to the axis of the circular waveguide, so 
that if the N sources are in phase, they ex- 
cite the TE 01 electromagnetic mode in the 
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Figure 1 . Electromagnetic Fields are coupled from N radio-frequency sources to the TE Q1 
mode of a circular waveguide. 
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wall precisely. 

This work was done by Shigeo 
Nakanishi, Frank S. CaJco, and August R. 
Scarpelli of Lewis Research Center No 

further documentation is available. 

This invention has been patented by 
NASA (U.S. Patent No. 4,642,523). In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial de- 
velopment should be addressed to the 
Patent Counsel, Lewis Research Center 
[see page 18]. Refer to LEW-13935. 



Figure 2. A Microwave Amplifier Assembly 

includes a divider that distributes the input 
signal to N impact-avalanche-and-transit- 
time (IMPATT) diode amplifiers and a com- 
biner, which, as the name implies, com- 
bines the outputs of the N amplifiers into 
one output. 

circular waveguide. 

Care must be taken to match the imped- 
ances at the various junctions. The imped- 
ances of the circular waveguide and the 
converging rectangular waveguides are 
matched by uniform dielectric chips placed 
symmetrically near their junctions. 

Other combiner/dividers have been in- 
herently narrow-band devices or wide-band 
devices limited in the number of input ports 
or have exhibited high losses. In addition to 
providing the output in the desirable TE^ 
mode, the new combiner/divider concept 
results in a low-loss, wide band device: Be- 
cause of the axisymmetry of the TE 01 mode, 
there is no essential limit on N. The latter 
feature is an advantage in the design of wide 
band, high-power, solid-state amplifiers 
operating at millimeter wavelengths (see 
Figure 2). 

This work was done by Vernon Dunn of 
Ford Aerospace and Communications 
Corp. for Goddard Space Right Center . 

No further documentation is available. 
GSC-12996 
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Workstations 


from 


All Inclusive Prices of typical Configurations 

DATAWATCH 286/16 


DATAWATCH 386/16 


286 Processor: 

. 16 MHz, 0 wait states 

386 Processor: 

16 MHz, 0 wait states 

14" Flat Screen Monitor: 

amber 

Multi-scanning HiRes 


Monochrome Graphics 


Color Monitor 

14" screen 

Adapter: 

. Hercules" compatible 

VGA Adapter: 

. . fast 16 bit interface 

Keyboard: 

IBM’ enhanced layout 

Keyboard: 1 

BM‘ enhanced layout 

1 MB RAM: 


2 MB RAM: 


40 MB Removable Hard Disk: 28ms access time 

40 MB Removable Hard Disk: 28ms access time 

1.2 MB Floppy Disk 

5V4" 

1.4 MB Floppy Disk 

3V2" 

Disk Controller: 


Disk Controller: 


Ports: 

2 serial, 1 parallel 

Ports: 


LIST PRICE $7,879 


LIST PRICE $13,440 


Quantity Discounts Available 

Quantity Discounts Available 



On the U.S. Government’s 
Preferred Products List. 



DATAWATCH CORPORATION 
introduces new price/perfor- 
mance standards in TEMPEST 
Workstations. Compare the 
DATAWATCH 286/386 with other 
TEMPEST Workstations. 16 MHz 
processors with 0 wait state per- 
formance. Your choice of remov- 
able hard disk drives from 20 MB 
to 320 MB with ST506 or SCSI 
interfaces. Memory expandable 
to 8 MB on the main board. 14" 
fiat screen monochrome monitors 
with 1,000 x 350 resolution avail- 
able in amber phosphor. Multi- 
scanning color monitors with 800 
x 560 resolution. Math co-proces- 
sors, mouse and a multitude of 
optional interfaces including 
Ethernet provides virtually unlim- 
ited flexibility and state-of-the-art 
processing power. 


Call for pricing of your 
configuration. 


| \'.\V 


)ataWatch 


IBM is a registered trademark of International Business Machines Corporation. 
Hercules is a registered trademark of Hercules Computer Technology 


Datawatch Corporation 

317 New Boston Street • Wilmington, MA 01887 
Telephone: (617) 932-0550 Fax: (617) 932-9203 
In Washington, DC area call (703) 476-2249 
In Canada call Ahearn & Soper Inc. (613) 226-4520 
In Europe call TEMPEST Europe, 

Telephone: + 45 2 94 02 Fax: + 45 2 94 87 39. 
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Airplane Takeoff-and-Landing Performance Monitoring System 



An algorithm and display system are designed to increase the safety of flight. 


Langley Research Center, Hampton, Virginia 


The Airplane Takeoff-and-Landing Per- 
formance Monitoring System (TOPMS) is 
designed to increase safety during takeoffs 
and landings of aircraft. Pilots currently rely 
heavily on flight manuals for planning take- 
offs and on judgment during takeoff or 
abort. The TOPMS provides pilots with gra- 
phic information crucial to their decision to 
continue or reject a takeoff. If a takeoff is 
rejected or a landing is in progress, the 
TOPMS also provides crucial information 
relative to where the airplane can be 
brought to a stop. 

The TOPMS provides information not 
currently available in the cockpit and 
presents it in forms that are simple and 
easily monitored by the pilots. The informa- 
tion is generated in a two-part algorithm 
and could be displayed to the pilots by elec- 
tronic screens on their instrument panels 
or projected as a head-up display. The al- 
gorithm calculates a pretakeoff prediction 
of nominal acceleration and determines 
where the airplane will reach takeoff 
speed, based on such factors as the gross 
weight of the airplane, the slope and the 
condition of the surface of the runway, the 
ambient temperature, the atmospheric 
pressure, the wind conditions, and the flap 
setting. 

The pretakeoff part of the algorithm also 
determines the remaining-groundroll-plus- 
air distance needed for the airplane to 
clear a 35-ft (11-m) obstacle at the depar- 
ture end of the runway after an engine fail- 
ure at the decision speed and also the dis- 
tance required to brake to a stop after the 


same engine failure. The initial groundroll 
distance to the point where engine failure 
occurs plus the greater of the two distan- 
ces above constitute an important metric 
called the balanced field length, or the 
minimum runway length required for the 
particular airplane and the existing condi- 
tions. This value is displayed on the TOPMS 
for reference before the pilot enters the ac- 
tual length of the runway about to be used. 

After the takeoff is underway, a real- 
time part of the algorithm continuously up- 
dates the prediction of the distance re- 
quired to reach takeoff speed, based on 
sensed acceleration. In addition, the real- 
time part continuously calculates the dis- 
tance required to stop the airplane, based 
on specified delays for the initiation of abort 
and deceleration resulting from maximum 
wheel braking and deployment of the 
speed brakes. The algorithm also calcu- 
lates a stopping point based on the actual 
deceleration of the airplane. The pilot can 
see on the display where the airplane will 
be brought to a stop if a reduced level of 
braking is used or if reverse thrust is added. 
These same calculations can be applied to 
a landing situation. 

The TOPMS display and logic were 
modified into a refined form following a 
real-time simulator evaluation by over 40 
experienced NASA, Federal Aviation Ad- 
ministration, Air Force, airline, and industry 
pilots. It summarizes critical/priority infor- 
mation into a “go/no-go” situation-advisory 
flag. Additionally, it indicates the points on 
the runway where such important events 


as the decision speed, rotation speed, and 
expected stopping point will occur. Off- 
nominal acceleration performance and en- 
gine failures are also detected and flagged. 

This work was done by David B. 
Middleton and Lee H. Person, Jr., of Lang- 
ley Research Center and Raghavachari 
Srivatsan of the University of Kansas. Fur- 
ther information may be found in NASA 
TM-89001 [N87-31591/NSP] and NASA 
CR-178255 [N87-20264/NSP], both titled 
" Development of a Takeoff Performance 
Monitoring System and AIAA Paper 
87-2256, “Evaluation of a Takeoff Perform- 
ance Monitoring System 

Copies of N87-31591 and N87-20264 
may be purchased [prepayment required] 
from the National Technical Information 
Service, Springfield, Virginia 22161, 
Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 

Copies of AIAA Paper 87-2256 may be 
purchased [prepayment required] from 
AIAA Technical Information Service Li- 
brary, 555 West 57th Street, New York, 
New York 10019, Telephone No. (212) 
247-6500. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 18] Refer to LAR-13734. 


Analyzing Pulse-Code Modulation on a Small Computer 

Relatively inexpensive equipment can assist in the diagnosis of faulty encoders. 


Goddard Space Flight Center, Greenbelt, Maryland 


A system for the analysis of pulse-code 
modulation (PCM) comprises a personal 
computer, a computer program, and a per- 
ipheral interface adapter on a circuit board 
that plugs into the expansion bus of the 
computer (see figure). While the system is 
no match for an expensive real-time telem- 


etry-data-processing computer, it fills the 
need for relatively inexpensive means to 
test PCM encoders. Furthermore, the sys- 
tem enables faster testing and involves 
less equipment than do older testing sys- 
tems. 


“snapshot” PCM decommutator, which 
accepts and stores thousands of frames of 
PCM data, then sifts through them repeat- 
edly to process them according to routines 
specified by the operator. By displaying the 
data and/or results of processing, the sys- 
tem assists in the diagnosis of such encoder- 
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ONLY ONE MATHEMAHCS 
LIBRARY GIVES YOU ACCESS 
TO THE GREAT WORKS 
AND THE BEST SELLERS 



Only Math Advantage® runs the 
same 260 hard-math subroutines 
on supercomputers, minicomput- 
ers, and workstations. Including 

Cray,™ Cyber,™ IBM™ Vector 
Facility,™ VAX,™ Apollo,™ Sun,™ 
IBM PC/AT.™ and more. Only Math 
Advantage is optimized for so many 
high-performance systems, and is so 
compatible. 

The Math Advantage library 
is identical across hosts. So you 

can develop on a workstation and 
execute on a supercomputer, with no 
recoding. And enjoy a single, con- 
sistent user interface. 

Math Advantage is optimized 
for both vector and parallel archi- 
tectures. It’s designed for high- 
performance applications — signal. 


seismic, and image processing, 
simulation — where CPU time is at 
a premium. Development is faster 
too, with its ready-to-use vector 
operations, eigensolve rs, BL AS, 
matrix operations, and FFTs. And 
it’s available in FORTRAN, C, 
and Ada. 

Now in version 3.0, Math 
Advantage gives you more com- 
patibility than any other 


math library. It’s 
compatible with 
the FPS™ and 
Numerix™ array 
processor libraries 
as well as the SEG 
seismic subroutine 
standard. And, for 
Vector Facility users, 




Quantitative Technology Corporation, 8700 Creekside Place, Beaverton. Oregon 97005. 



it complements and builds upon the 
content of ESSL. 

Math Advantage is from the 
experts in high-performance 
development tools — Quantitative 
Technology Corporation. So you 
can count on unmatched documenta- 
tion, support, and technical excel- 
lence. Over a dozen computer 
equipment manufacturers offering 
Math Advantage on their systems 
do just that. For more informa- 
tion, contact QTC at 
1-800-234-0168 or Telex 
910 240 2827. 

Toolsmith Series® 


Quantit ative 

Technology 

Corporation 


Math Advantage and Toolsmith Scries arc registered trademarks of Quantitative Technology Corporation Cray. Cyber. IBM, Vector Facility, and AT. VAX. Apollo. Sun. FPS. and Numcm arc trademarks of Cray Research. 
Control Data Coqi . International Business Machines Corp . Digital Equipment Corporation. Apollo Computers. Inc . Sun Mtcnrsy stems. Inc . Floating Paint Systems. Inc . and Numerix. respectively. Ada is a registered 
trademark of the U S Department of Defense tAJPO) Copyright * IU87 Quantitative Technology Corporation. Specifications and prices are subject to change without notice 
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Make AKTs 32-bit 
floating point digital 
signal processors 
the heart of your 
system, and make it 
a market leader. 

On top of that, you can 
develop your system at a 
fraction of what you usually 
spend in time, money, and 
board space. 

A system that can give 
you a commanding lead in 
the market for computing- 
intensive applications such 
as array processing, CAD/CAM 
systems and 
flight simulation. 

A system that offers 
realtime graphics and 
image processing 
capabilities for 
filtering, transformations, 
hidden surface elimination, 
and shading. 

You can build this per- 
formance into your graphics 
and image processing system 
by using AT&T’s components 
of success. 

The component 
of technology. 

The heart of your system: AT&T’s 
family of DSP32 products. 

Our WE® DSP32 digital 
signal processor is a 32-bit DSP 
that’s in use today in graphics, 
telecommunications, and 
speech recognition systems. 

Our new CMOS DSP32C 
is the world’s most advanced 
DSP— with over 400,000 
transistors, and fabricated in 
.75 micron double-level 
metal technology 

The DSP32 product family 
offers peak performance 
of 25 MFLOPS of through- 
put. This processing power 
allows the implementation 
of sophisticated graphics 
algorithms with no 
compromise in performance. 

The AT&T DSP32 family 


also offers substantial devel- 
opmental advantages: 

Low cost/hi gh perform- 
ance: AT&T’s floating point 
DSPs employ unique byte- 
addressable memory space 
to simplify manipulation of 
pixel color values. The DSP 
architecture incorporates 
high processing power, 
flexible I/O, on-chip memory, 
and clean interface to the 
outside world. These features 
reduce board space and 
design time and 

provide a 



high-performance solution. 

IEEE compatibility: Our 
DSP32C converts to IEEE 
P754 floating point format in 
one instruction. No need for 
special software. 

Program your algorithm 
in C: We offer you the 
flexibility to program in 
assembly or C language. Our 
C compiler and optimized 
application library will get 
your application up-and- 
running, fast. 

Software and hardware 
development su p port: We 
provide a full set of tools for 
creating, testing and 
de-bugging application 
programs. These tools run 
under both the MS*-DOS 
and UNIX® systems. 

Note: The AT&T DSP line 
now also includes a new 
16-bit, fixed point, CMOS 
device— the DSP 16A — that 
runs at a record 33ns, and 
offers more on-chip mem- 
ory than any other fixed 
point DSP 


The component 
of confidence. 

AT&T’s extensive design 
support includes development 


AT&T The 
components 
of success. 


tools for realtime software 
and hardware evaluation and 
de-bugging of DSP programs. 

Our worldwide Field 
Application Engineers will 
answer questions as you 
proceed with your design. 
They are supported by 
Bell Laboratories’ engineers, 
the designers of our DSP 
products. 

Keep in mind, too, that 
AT&T offers more than 100 
years of manufacturing 
experience— and quality and 
reliability standards second 
to none. 

So, to make your next 
graphics processing system 
an applications pace-setter, 
and a technological success, 
call AT&T at 1800 372-2447 
(Canada, call 1 800 553-2448). 

Image created at R/Greenberg Associates on Pixel 
Machines' PXM 900 Series graphics workstation, using 
AT&T’s first generation floating point DSPs. 

•Registered trademark of Microsoft Corporation. 
©1988 AT&T 


AT&T 

The right choice. 
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The Peripheral Interface Board plugs into the expansion bus of a small computer and en- 
ables the computer to analyze PCM signals. 


circuit malfunctions as crosstalk between 
input channels, lack of synchronization, in- 
correct timing of data within data time 
frames, and bit errors. 

The circuit on the peripheral board con- 
tains 16K of 8-bit bytes (131,072 bits) of ran- 
dom-access memory (RAM), an address 
counter/decoder, a byte counter, control 
logic, a shift register, and an interface- 
adapter port. Regardless of the size of data 
words in the PCM format, the incoming 
PCM data are converted in the shift regis- 
ter to 8-bit-wide data, then stored in the 
RAM. The circuit acts as a “windowing” 
device; i.e., the latest PCM data are always 
being stored in the RAM. When the circuit 
receives a “stop” trigger, either manually 
or automatically, the last 131,072 bits that 
were transmitted are frozen. After the data 
are stored, the microcomputer starts to 
load bits from the storage-device RAM into 
the main computer RAM and begins to 
process these bits. 

The computer program operates in 
three main modes: “frame display/scan,” 
“graph plot,” and “word compare.” The 
“frame display/scan” mode displays a 
frame of data grouped into words and 
numbered on the television screen of the 
computer. These data can be examined 
further by selecting a particular word and 
scanning all other frames for this word. 
This mode also enables the selection and 
examination of frames of data in sequence 
and at random. 

The “graph plot” mode enables the se- 
lection of a particular word in a PCM frame 
and plots this word in every stored frame 
on a graph. This is effectively a graphical 


digital-to-analog converter. 

The "word compare” mode enables the 
comparison of a word or words in all stored 
frames. These comparisons can be made 
to search for errors or changes in data 
values or to perform other statistical func- 
tions. 

The present storage capacity of 131,072 
bits is insufficient for the analysis of PCM 
systems that put out data at rates ap- 
proaching 1 Mb/s. The design of the next 
version of the circuit calls for 2 to 8 Mb of 
memory in 252K dynamic-RAM chips. The 
new design will increase the complexity of 
the hardware slightly. The only changes in 
the program are to increase pointer ad- 


dresses to enable the reading of all of the 
storage RAM. The circuit would be able to 
store 10 seconds of data at 800 kb/s, or 
about 50,000 frames of average size. 

This work was done by David E. Massey 
of Goddard Space Right Center. Further 
information may be found in NASA TP - 
2629 [N87-12718/NSP], "Pulse Code Mod- 
ulation (PCM) Data Storage and Analysis 
Using a Microcomputer ” 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (800) 33&4700. GSC-13170 


Self-Testing Computer Memory 

A proposed system would have increased tolerance to temporary and permanent faults. 


NASA 's Jet Propulsion Laboratory, Pasadena, California 


A conceptual memory system for a com- 
puter would repeatedly test itself during 
brief, regular interruptions of the normal 
processing of data. The system would de- 
tect and correct such transient faults as 
single-event upsets (changes in bits due to 
ionizing radiation) within milliseconds after 
they occur. Such permanent faults as 
stuck at one, stuck at zero, short circuits 
that inadvertently couple neighboring 
memory cells, and some pattern-sensitive 
faults could be detected within tens of 
milliseconds after they occur. These fea- 
tures would enhance the dependability of a 
fault-tolerant computer by increasing the 


40 


probability of recovery of the memory from 
a detected fault before it causes other 
faults. The cost of the improvement would 
be a modest increase in the complexity of 
the circuitry and in the operating time. 

Conventional self-checking is based on 
Hamming-code correction; that is, the in- 
clusion of redundant bits in codes for the 
correction of single-bit errors or the detec- 
tion of double-bit errors in data words as 
they are read out of memory. The new self- 
testing concept surpasses the convention- 
al one by actively flushing latent defects 
out of memory and attempting to correct 
them before they accumulate beyond the 


capacity for self-correction or detection. 
Circuits would be designed to check the 
entire memory during periods interleaved 
with the memory operations of normal pro- 
grams. 

The memory would contain N words, 
with each bit of each word stored in a sepa- 
rate memory chip so that the failure of any 
single chip would damage no more than 1 
bit in any word. Each word would consist of 
M information bits plus P parity bits to im- 
plement the Hamming code. An additional 
memory-interface building-block (MIBB) 
circuit would provide control and Hamm- 
ing encoding, decoding, and correction 
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(see figure). If a single error were found in a 
word being read out, the MIBB would insert 
the corrected value into the memory. 

Two parity bits would be added to each 
row of memory cells, and two parity check- 
ers would be included on each chip. One 
parity bit would be used to check all odd- 
numbered bits, and the other parity bit 
would be used to check all even-numbered 
bits in each row. 

Each chip could be commanded to per- 
form a check cycle (typically taking less 
than a microsecond), during which a speci- 
fied row of the memory array would be 
read out, the parity would be checked, and 
the data bits would be stored back into the 
row either unchanged or with one of the 
three following permutations: 

• Store row with bits in odd positions invert- 
ed; 

• Store row with bits in even positions invert- 
ed; or 

• Store row with all bits inverted. 

If a parity error were detected, an inter- 
nal fault signal would be sent to the MIBB. 
During a check cycle, the memory could 
be commanded to regenerate parity. In this 
case, both parity bits would be recomputed 
over the selected row. The MIBB would 
then continue its sweep through the mem- 
ory by initiating check cycles for other 
rows. Repeated information-recovery cy- 
cles (fault indications) initiated by the same 
chip would indicate a permanent fault, and 
the central processing unit could com- 
mand that the affected memory chip be re- 
placed by a spare. 

If a cell is stuck at the value (zero or 
one) of the data stored in it, there will not 


be an error until an attempt is made to 
store the other value (one or zero) that it is 
incapable of storing. To detect this type 
of fault, the system would perform two 
sweeps that would invert all bits in the 
memory. During the first sweep, data 
would be checked in the true form while 
being written back in complementary form. 
In the second sweep, complemented data 
would be read out and checked while 
being stored back in memory in true form. 
Thus, each cell would be required to take 
on both one and zero values, and the on- 
chip parity check would be used to verify 
that this took place. 

Coupling between neighboring cells 
would be tested according to a similar prin- 
ciple — via the responses to permutations 
of the bit in each cell with the bit in each of 
the neighboring cells. This test could be 
performed on every cell in the memory in 
no more than 16 sweeps. 

During normal memory readouts initi- 
ated by the data processor in input/output 
circuits, the memory chip would perform in 
the conventional manner, without internal 
parity checks. During normal writing to 
memory, the corresponding row would be 
read out, the selected bit modified, and the 
row re-stored back into the memory array. 
If the bit being stored were different from 
the bit originally contained in the memory, 
the associated (odd or even) parity bit 
would be inverted. 

This work was done by Savio N. Chau 
and David A. Rennets of Caitech for 

NASA’s Jet Propulsion Laboratory For 

further information, Circle 70 on the TSP 
Request Card. 

NPO-16850 



With TMI's Model 3014 

BIG PC ! 


• LARGE CAPACITY: Room for as many as 
14 full-size PC Bus plug-in CPUs and appli- 
cations cards, 5 half-height disks. 

• RELIABLE: Uses four-layer passive back- 
planes. Industrial grade construction 
throughout. 

• VERSATILE: Models available to house 
XT®, AT® or 386 compatible PC Bus CPUs 
and applications cards. 

If you need more space in a PC Bus com- 
puter to hold cards and memory devices, 
here's the answer. Standard rack mount, only 
22 inches deep and 7 inches high, with a 
225 wan power supply. The 3014 is 
designed to let you add memory, CPU and 
applications power to meet any 
requirements. 

We can satisfy your complete PC Bus com- 
puter requirements. For more details, con- 
tact your nearest TMI sales office or our 
Houston headquarters. 



TEXAS MICROSYSTEMS 

INCORPORATED 
10618 Rockley Road • Houston, Texas 77099 
(713) 933-8050 

1-800-627-8700 

Designers and manufacturers of quality 
computers for more than a decade 

*1988, Texas Microsystems Incorporated 



The Correction and Detection of Errors would be built into the memory system of the com- 
puter and would require no special programs. The memory-interface building block would 
check the entire memory, one row of memory cells (multiple words) at a time, during brief 
periods interleaved with the memory operations of normal computer programs. 
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Pulsed Source of Energetic Oxygen Atoms 

Oxygen molecules are dissociated by an infrared laser beam. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 



A Puff of Oxygen Gas is irradiated by an infrared pulse from a C0 2 laser. The irradiated gas 
becomes a plasma, which expands in the conical nozzle to produce a pulse of oxygen 
atoms. 


An apparatus has been developed that 
generates high-flux pulses of oxygen 
atoms to bombard specimens in experi- 
ments on the aging and degradation of ma- 
terials in a low Earth-orbit environment. 
The intense atomic oxygen pulses may 
also be useful in studies of microfabrica- 
tion techniques. 

Within the vacuum chamber of the ap- 
paratus (see figure), oxygen gas at a pres- 
sure of several atmospheres is introduced 
into the throat of a conical expansion noz- 
zle through a pulsed valve. After the nozzle 
is partially filled with gas, the output of a 
10-J pulsed C0 2 TEA laser is focused 
through a BaF 2 lens into the nozzle throat 
to increase the enthalpy of the flow. 

Approximately one-third of the laser en- 
ergy is delivered in a 200-ns gain-switched 
spike and induces a breakdown in the high- 
pressure oxygen near the throat. The re- 
sulting plasma continues to absorb the re- 
maining energy in the tail of the 2-fjs laser 
pulse. The rapidly expanding plasma gen- 
erates a blast wave that propagates 
through the remaining gas within the noz- 
zle and converts the stagnation energy of 
the plasma into directed kinetic energy in 
the exhaust gas. 

The nozzle is designed to allow an ex- 
pansion that favors electron/ion recombi- 
nation but not the recombination of oxygen 
atoms into molecules. As the gas expands, 
the temperature (random kinetic energy) 
and density decrease as the directed kine- 
tic energy increases. Thus, a cold (low 
spread in random velocity), high energy 
beam of oxygen atoms flows out of the noz- 
zle. Under typical operating conditions, the 
absorption of 5 J of lasser energy into ap- 
proximately 10 _4 g of molecular oxygen 
produces a pulse of approximately 4 x 10 18 
oxygen atoms with a directed kinetic 
energy of 5 eV. Operation at pulse repeti- 
tion rates to 10 Hz has been obtained. 

Two kinds of optical measurements 
have been made to characterize the oxy- 
gen-atom pulses. Time histories of the 
777.3-nm spectral line of atomic oxygen 
have been measured by identical radiome- 
ters at two different positions along the 


beam to determine the velocity of the 
beam. Thus far, velocities from 5 to 13 km/s 
have been measured. Spectral measure- 
ments of the beam have been recorded 
with a gated optical multichannel analyzer 
and show no evidence of ionic or molecu- 
lar oxygen. Preliminary studies of speci- 
mens irradiated with atomic oxygen have 
provided spectral evidence of erosion, in 
addition to measurable mass loss. 

This work was done by George 
Caledonia, Robert Krech, David Green, 
and Anthony Pirri of Physical Sciences, 
Inc., for NASA’s Jet Propulsion Labora- 
tory. For further information, Circle 128 on 


the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad- 
dressed to 

Physical Sciences, Inc. 

George E. Caledonia, 

Senior Vice President 
Research Park 
PO. Box 3100 
Andover, MA 01810 

Refer to NPO-30000, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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High-Performance Ambient-Temperature Heat Pipe 

Passages for liquid and vapor are separated by a porous wick. 


Marshall Space Flight Center, Alabama 



The Two-Channel/Porous- Wick Design of this heat pipe enables it to transport heat at 2 to 3 
times the rate of comparable heat pipes of older designs. 


An experimental heat pipe with two 
channels is designed for the regulation of 
temperature in enclosed spaces. When fully 
developed and when operating in zero 
gravity, the heat pipe is expected to trans- 
port heat at a rate of 5 kW along a distance 
of 50 ft (15 m), with a heat flux of 10 W/cm 2 
at the evaporator end. (The performance in 
normal gravity would be somewhat lower 
because gravitational effects are signifi- 
cant with respect to the capillary effects 
upon which the operation of the heat pipe 
depends.) 

The pipe (see figure) is made of alumi- 
num, and the heat-transfer material is am- 
monia. The pipe contains two channels: 
one for the vapor phase and one for the liq- 
uid phase of the ammonia. A porous wick 
of sintered aluminum powder lines the va- 
por channel and fills the slot between the 
two channels. 

This design confers several advan- 
tages: The small pores in the wick give rise 
to high capillary pressure, which in turn 
enables mass and heat to flow at high 
rates. The losses of pressure in the liquid 
and vapor channels can be minimized by 
appropriate choices of the dimensions of 
the channels and wick. The heat pipe can 
accept a large heat flux at the evaporator 
end, partly because the high thermal con- 
ductivity of the wick helps to suppress 
temperature gradients, thereby preventing 
the liquid from boiling in the wick. 

The heat is added at the evaporator end, 
causing the liquid that saturates the wick to 
vaporize. The evaporation creates a locally 
high vapor pressure. Because the liquid re- 
maining in the wick has surface tension, 
the vapor is prevented from entering the 
wick and must therefore flow along the 
vapor channel toward the condenser end. 

At the condenser end, the heat is re- 
moved from the vapor, causing it to con- 
dense into the wick. Because the vapor 


pressure remains slightly higher than the 
liquid pressure, the condensate is pushed 
through the wick and fills up the liquid 
channel. Because the liquid pressure in the 
evaporator is less than the liquid pressure 
in the condenser, the liquid flows in the liq- 
uid channel toward the evaporator, where 
it wets the wick, completing the cycle. 

This work was done by Michael D. 


Keddy, Nelson J. Gernert, and James W. 
Owen of Thermacore, Inc., for Marshall 
Space Flight Center. For further informa- 
tion, Orcle 162 on the TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 18]. Refer to 
MFS-26062. 


Transferring Heat in Conjugating Binary Liquids 

Less pumping would be required. 

Marshall Space Flight Center, Alabama 


Conjugating binary liquids have been 
proposed for use as phase-change heat- 
transfer fluids. Because such a fluid would 
transport thermal energy largely in the 
form of the latent heat of the change of 
phase, the fluid would exhibit a specific 
heat much higher than that of a single- 
component fluid or a fluid without a phase 


change. Consequently, less of the binary 
fluid would have to be pumped to transfer a 
given amount of heat. This could be an im- 
portant engineering consideration where 
the weight or power of the pump has to be 
minimized. Also, because all phases re- 
main liquid throughout the heat-transfer 
cycle, there is no need to cope with the dif- 


ficulties posed by gas/liquid and solid/liquid 
phase separations. 

In a conjugating binary system, two liq- 
uids mix with or separate from each other 
to a degree that depends on the tempera- 
ture. While many types of behavior are 
possible, depending on which liquids are 
chosen, a particularly useful combination 
would have a phase diagram like that 
shown in the lower right portion of the 
figure. In this combination, the liquids re- 
main completely mixed above the critical 
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Technology so 
advanced it will 
help answer some 
big questions. 


THORNEL Advanced Composites 

Proprietary materials development. 
Our mesophase pitch fibers, based on 
unique technology patented worldwide, 
are now available in more forms than ever, 
including individual prepreg plies of one mil 
thickness. These materials and materials 
systems demonstrate properties essential 
for solving many of your most demanding 
problems when it comes to aero, outer 
and deep space applications. 

New performance frontiers. So far, 
this new technology has shown stiffness 
characteristics far superior to current 
materials. It also imparts unsurpassed 
dimensional stability allowing you to tailor 
coefficients of expansion to 0 or negative 
if required. Plus, with thermal conductivity 
3 to 5 times that of copper, it can solve 
many of the thermal management prob- 
lems encountered in aerospace designs. 

The attainable unknown. While current 
applications include laser hardening, low 
observable technology and use in space 
radiators, space panels and heat sinks, the 
potential of this material can take you far 
beyond today’s design limits. With our 
ongoing research and the evolution of 
design the mysteries of space will, in time, 
be revealed. 

We can help. Ask us questions. Our 
research people can guide you to materials 
solutions for your toughest design prob- 
lems. You can reach us at Amoco Per- 
formance Products, Customer Service, 
1-800-222-2448. 

We do more than create the technol- 
ogy. We share the vision. 

THE ALL AMERICAN SOLUTION 
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90 iution temperature, T c . As the tempera- 
ture decreases below T c , the liquids sepa- 
rate increasingly, giving off latent heat of 
mixing. Thus, to realize the maximum ben- 
efit from the binary system, the source of 
heat in the heat-transfer loop should be 
hotter than T c , while the sink should be 
colder than T c . 

One of the more promising of the pairs 
of liquids tested thus far is 38 weight per- 
cent triethylamine with 62 weight percent 
water. This pair exhibits the desired mix- 
ing/separating characteristics, with a T c of 
18°C and a latent heat of mixing of 60 
joules per gram of solution. Using the 
measured specific heat of the pair as a 
function of temperature, the calculated 
heat-transfer capacity of a system operat- 
ing between a heat source at 70 °F (21 °C) 
and a heat sink at 48 °F (9°C) would be 
45 Btu/lb (105 J/g). In contrast, a typical 
chlorofluoromethane heat-transfer fluid 
flowing between the same temperature 
limits could transport only about 4:4 Btu/lb 
(10 J/g). 

This work was done by P. G. Grodzka 
and J. W. Owen of Lockheed Missiles & 
Space Co. for Marshall Space Flight 
Center. For further information, Circle 146 
on the TSP Request Card. 

MFS-28249 




These Phase Diagrams illustrate the more common types of mixing and separation of conju- 
gating binary liquids A and B. 


Mounting Thin Samples for Electrical Measurements 

A vacuum chuck holds samples gently but securely. 


Lewis Research Center, Cleveland, Ohio 


A new method for mounting a thin sam- 
ple for electrical measurements involves 
the use of a vacuum chuck to hold a ce- 
ramic mounting plate, which, in turn, holds 
the sample. Contacts on the mounting 
plate establish the electrical connection to 
the sample (see figure). The method has 
been used to make electrical measure- 
ments over the temperature range from 77 
to 1,000 K and does not introduce distor- 
tions into the magnetic field during Hall 
measurements. 

The mounting plate is made of a ma- 
chinable, glass/ceramic insulating materi- 
al. Both surfaces of the plate and the sur- 
face of the vacuum chuck are polished to 
enhance the vacuum seals between the 
various elements. Holes through the 
mounting plate communicate the vacuum, 
which is provided by a commercial Venturi 
pump, to the interface between the plate 
and the sample. Atmospheric pressure on 
the sample provides the mechanical force 
to hold the sample in place and to establish 
electrical contact. 

The contacts on both the sample and 
the mounting plate are deposited by sput- 
tering. The vacuum holes through the This Exploded View shows the scheme for mounting and making electrical contact to the 
mounting plate are concentric with the sample. 
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Meet the NIC-310! 


• 2 Differential Input 
Channels 

• 4000 Points Per 
Channel 

• Y/T or X/Y Display 

• Display Expansion Up 
To x60 

• I BM-PC Formatted Disks 

• 12 -Bit Resolution 

• Autocycle Mode 

• IEEE-488/RS-232 
Interfaces 


Laboratory Precision in a Portable Package! 

Nicolet introduces the NIC-310, the world’s only portable 12-bit 
Digital Oscilloscope featuring either 3 5 or 5. 2 5 inch I BM-PC 
formatted floppy disk storage. The NIC-310 is ideally suited for 
multiple single shot transient capture using its “Autocycle” mode to 
monitor transients and store up to 88 waveforms on one disk. The 
“Autocycle” mode automatically rearms the NIC-310 for each new 
trigger. Zoom expansion lets you see details you’ve never seen 
before. Easy to use cursor display permits you to visually set the 
trigger position for pre-trigger data. With the proven reliability of 
Nicolet digital oscilloscopes, the NIC-310 offers you a range of 
options that make it one of the most versatile portable instruments 
available. 


For more information call or write: 


Nicolet Test Instruments Division 


Nicolet 


5225-2 Verona Road, Madison, WI 53711 608/273-5008 or 800/356-3090 


INSTRUMENTS OF DISCOVERY 
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contacts on the plate, which are in the form 
of conducting annuli. Each sample has a 
pattern of solid contacts identical to that of 
the mounting plate, and the contacts are 
positioned on the plate so that they are 
aligned over the conducting annuli. The 


contact pattern deposited on the mounting 
plate includes conductors extending from 
the conducting annuli to a second set of 
contacts near the periphery of the plate. 
The peripheral contacts are used to con- 
nect lead wires that, in turn, are connected 


to the appropriate measuring devices. 

This work was done by L G. Matus and 
R. L Summers of Lewis Research Cen- 
ter. No further documentation is available. 
LEW-14646 


Liquid-Crystal-Television Image Subtracters 

Image data are processed quickly by optical components. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 

Either of two similar optoelectronic sys- that shows the differences between two in- 
terns can be used to form an output image put images. All parts of the two images are 

processed simultaneously by optical com- 
ponents only; digital electronic processing 


Laser 

Source 


Liquid-Crystal 

Television 

Screen 


Image 1 



Imaging 

Lens 



White-Light 

Source 


Wollaston 

Prism 


POLARIZATION-SUBTRACTION SYSTEM 


Liquid-Crystal 

Television 

Screen 




Output 

Plane 


Output 

Plane 


Wollaston 

Prism 


PSEUDOCOLOR SYSTEM 


These Image-Subtraction Systems form output images that show the differences between the input images of the two objects. In the upper 
system, the differences appear as bright regions in an otherwise dark output image. In the lower system, the differences and similarities are 
shown by colors. 
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of data is not required. Thus, the system 
concept offers the potential for rapid, inex- 
pensive comparison of images in such ap- 
plications as automatic inspection, medi- 
cal diagnosis, and robotic vision. 

The first system exploits differences in po- 
larization. As shown in the upper part of the 
figure, a television camera views the two 
objects to be compared. The images of the 
two objects are projected on a liquid-crys- 
tal television screen, which is positioned to 
act as a spatial light modulator. Light from a 
laser is collimated and passed through the 
liquid-crystal screen, becoming spatially 
modulated by the two images as it does so. 

The modulated light beam is passed 
through polarizer P, then through side-by- 
side polarizers P 1 and P 2 . The combination 
of polarizers is positioned and oriented to 
make the polarization in one image per- 
pendicular to the polarization in the other. 
After passing through an imaging lens, the 
polarized, image-bearing light beam enters 
a Wollaston prism at a focal plane of the 
lens. The prism deflects the light according 
to its polarization; in this case, the prism is 
oriented to produce equal but opposite de- 
flections of the light from the two images, 
causing the two images to be superim- 
posed at the output plane of the imaging 
lens. 

On the way to the output plane, the light 
is passed through analyzer P 3 (that is, an- 
other polarizer), which acts in concert with 


R P v and P 2 to impart opposite polarizations 
to the light in the two superimposed im- 
ages. Thus, the identical portions of the two 
images cancel each other, and only the dif- 
ferences are displayed. 

The second system is similar to the first 
system, except that it is based on pseudo- 
color encoding. As shown in the lower part 
of the figure, the liquid-crystal television 
screen is illuminated through a polarizer 
with collimated white light. The light modu- 
lated with one image is passed through a 
green filter, and the light containing the 
other image is passed through a red filter. 
The light is then processed in a manner 
similar to that of the first system, except 
that an analyzer is not used. On the output 
plane, the superposition of identical red 
and green portions yields a yellow image. 
The portions of one image that lie outside 
the other are shown in red or green. 

This work was done by Tien-Hsin Chao 
and Hua-Kuang Liu of Caltech for NASA’s 
Jet Propulsion Laboratory For further in- 
formation, Circle 47 on the TSP Request 
Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA Resident Office JPL [see 
page 18]. Refer to NPO-17144. 



CAE/CAD Integrated 
Software Package for 
IBM PC/XT/AT/PS2 

Weigh Cost Against 
Performance 

When you balance cost and performance, EE 
Designer III gives you more features per dollar 
than any other electronic design software 
package. You get full-featured PCB layout 
plus schematic capture, analog/digital circuit 
simulation, support for EMS memory, 45 
degree autorouting, and full postprocessing 
functions. EE Designer packages start at $995. 

30 day money back auarantee. Full pur- 
chase price refunded if not completely satis- 
fied. Call 1-800-553-1 177 today to order your 
package. Bank cards welcome. 
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EXCELLENCE BY DESIGN 
WORLD'S SHORTEST LINEAR STAGE 


When space is at a premium, 

Anoride'” Model-5 tables with 
Anoline'” linear dc motor drives 
provide the most compact table available 
anywhere. By eliminating the need for a 
rotary motor extending beyond the 
table's base, the length of the 
assembly is dramatically 
reduced. 

The Anoline linear motor 
drive offers stiffness and 
responsiveness far in 
excess of other drives. 

Anorad's linear, high- 
reliability, solid state encoder 
provides resolution from 100 
microinches to 1 microinch. To 
assure the highest accuracy, both 
the encoder and motor are mounted 


DIMENSIONS 

Length 5Y4" 
Width 5%" 


can 



in-line with the centerline of travel. 

The Model-5 table is available with 
travels from 1 inch to 5 inches, and 
be readily mounted in an XY configuration. 

performance counts, the Model-5 provides 
accuracy, response and compact size with 
a design suitable for continuous duty in 
the most demanding applications. 

Call or write for a free 
brochure and pricing, or call 
our Application Engineers. 


ANORAD CORPORATION 

1 1 0 Oser Avenue 
Hauppauge, NY 1)788 
Tel: 516-231-1995 
FAX: 516-435-1612 Ar . 

TWX : 510-227-9894 >4NUK>4D 
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Biphase Metal Electrodes for AMTEC 

High Power Densities are Achieved. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


New biphase metal electrodes for the 
alkali metal thermoelectric converter 
(AMTEC) exhibit low electrical resistance, 
fast alkali metal transport, and good power 
densities and lifetime at operating temper- 
atures from 1,100 to 1.160K. When fully de- 
veloped, AMTEC electrodes are expected 
to last as long as 10,000 h in service with- 
out significant degradation. 

A biphase electrode is made up of two 
refractory metals, one of which forms 
strong bonds with sodium, the other being 
inert to sodium. The first metal binds 
sodium in the operating electrode, while 
the second metal maintains the stability of 
the electrode structure. Suitable inert 
metals include Mo, W, Ta and others in 
groups 4b, 5b, and 6b of the periodic table 
of elements. The refractory metals that 
strongly bind sodium include Pt and Rh. 

The AMTEC is a thermally-regenerative 
electrochemical cell that depends on the 
sodium-ion conducting properties of beta 
alumina solid electrolyte and a very high 
sodium activity gradient between the high- 
temperature sodium reservoir and an ex- 
ternal electrode from which sodium evap- 
orates to a low-temperature condenser. 
The cell has demonstrated a direct ther- 
mal-to-electric conversion efficiency of 19 
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Maximum Power Density Versus Time for six graded composition Pt/W AMTEC electrodes 
shows stable performance for the length of the test. One electrode, which exhibited superior 
adhesion to the solid electrolyte, also performed exceptionally well at ~0.8 W/cm 2 . 


percent, which is much higher than state- 
of-the-art conversion efficiencies of other 
direct thermoelectric devices. 

The goal of AMTEC research has been 
to create electrodes that show stable per- 
formance with low impedance for long 
periods of operation. The new electrodes 
operate with very low impedance to sodi- 
um transport from the electrode/solid- 
electrolyte interface to the exterior sur- 
face. It appears that there is strong surface 
binding of sodium to the metallic walls of 
pores within the electrode and rapid sodi- 
um transport by surface diffusion. Sodium 
gas is released at the electrode surface 
from which it flows to the condenser. 

Details of the transport process are still 
being investigated, but it is clear that a 
highly-efficient sodium transport mode op- 
erates in these electrodes. Unoptimized 
Pt/W electrodes have been operated con- 
sistently at ~0.5 W/cm 2 , but one electrode 
showed exceptional performance, deliver- 
ing ~0.8 W/cm 2 for 160 h before exhaus- 
tion of the sodium charge. This long-term 
performance is four times that observed 


only a few years ago in mature perform- 
ance of molybdenum electrodes, which 
were the best electrodes at that time. Reli- 
able performance at ~0.55 W/cm 2 is con- 
sidered necessary for high efficiency, practi- 
cal thermoelectric conversion by AMTEC’s. 

This work was done by R. Williams, C. 
Bankston, T. Cole, S. Khanna, B. Jeffries- 
Nakamura and B. Wheeler of Caltech for 
NASA’s Jet Propulsion Laboratory. For 
further information, Circle 6 on the TSP Re- 
quest Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad- 
dressed to 
Edward Ansell, 

Director of Patents and Licensing 
Mail Stop 301 -6 

California Institute of Technology 
1207 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-16787, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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Improved Aluminized Multilayer Insulation 

The number of reflective surfaces is increased while reducing or only slightly increasing bulk. 


Lyndon B. Johnson Space Center, Houston, Texas 


Rip-Stop 


Functional 

Reflecting 

Surfaces 



ORIGINAL 

CONFIGURATION 


TWO LAYERS 
REVERSED 


RIP-STOP REMOVED 
FROM AN INSIDE 
REVERSED LAYER 


ONE OUTER 
REVERSED LAYER 
ADDED 


Multilayer Reflective Insulation is made of layers of aluminized polyester with rip-stop back- 
ing. The structure at the top has only four functional low-emissivity surfaces. If two of the 
layers are reversed, the performance is essentially unchanged. The two variants shown at 
the bottom have five and six functional surfaces, respectively, and would provide better insu- 
lation. 


It is possible to improve the insulating 
quality of multilayer reflective thermal in- 
sulation by modifying the configuration of 
the layers. In a blanket of such insulating 
material, layers of aluminized Mylar (or 
equivalent) polyethylene terephthalate 
separated by spacers cause multiple re- 
flections of thermal radiation and thereby 
impede the passage of the radiation 
through the blanket. The insulating quality 
of the blanket is proportional to the number 
of functional aluminized radiation-shield 
surfaces in the assembly. 

In the original version of the insulation 
(see f igure), which was designed for use on 
a spacesuit, a spacer layer of rip-stop 
material is glued to one side of each reflec- 
tive layer. Four such layers are stacked, 
with the spacer sides all facing the same 
way. While this design provides an easily 
handled, durable assembly, the glue on 
one face of each layer counteracts the low 
radiation emissivity of that face, thus 
reducing the number of effective radiation 
shields per layer from two to one. 

Provided that the insulation is not used 
in direct contact with another surface, the 
performance of the insulation would be un- 
changed if two of the layers were reversed, 
because there would still be four functional 
radiation-shield surfaces. In this configura- 
tion, two spacer layers are adjacent to 
each other, making one of them redundant. 
The removal of the redundant layer would 
increase the number of functional radia- 
tion-shield surfaces to five, thus improving 
the quality of insulation. This change would 
also decrease the bulk of the insulation and 
increase its flexibility. The long-term resis- 
tance to wear will be slightly reduced due 
to the relative weakness of the plain layer 
with no rip-stop spacer. 

Alternatively, instead of removing one of 
the adjacent spacer layers, another layer 


can be inserted between them to form an 
insulating system with six functional radia- 
tion-shield surfaces. This blanket would 
have half again as many functional sur- 
faces as the original insulation, yet would 
be only slightly thicker and less flexible. 
While the durability of the added layer must 
be considered, the overall performance is 


expected never to deteriorate to the level 
of the original configuration. 

This work was done by Edward H. 
Tepper of United Technologies Corp. for 

Johnson Space Center. No further docu- 
mentation is available. 

MSC-21259 


Additives Improve Processing of Polyimides 

Low-molecular-weight, thermally stable additives enhance flow properties. 


Langley Research Center, Hampton, Virginia 


Aromatic polyimides are usually consid- 
ered to be high-temperature, high-perform- 
ance plastics that require processing via 
poly(amic acid) precursors. This is be- 
cause polyimides are usually insoluble in 
most organic solvents and are either infusi- 
ble or have very high melting or softening 
temperatures near those at which de- 
composition begins. Therefore, a need ex- 
ists for polyimides as matrix resins and 
NASA Tech Briefs, November 1988 
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Amic Acid or Imide Additives are used to decrease the viscosities of certain polymer melts. 
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adhesives that exhibit enhanced flow dur- 
ing processing. Recently, melt-processa- 
ble polyimides that maintain desirable 
polymer properties were prepared by add- 
ing small amounts of certain low-molecu- 
lar-weight, thermally stable additives. 

The thermal treatment of a mixture of 
approximately 0.05 to 1 5 percent by weight 
of an amic acid or imide additive (see 
figure) and a poly(amic acid), polyimide, 
copoly(amic acid), or copolyimide resin in- 
creases the ease of processing of the poly- 
imide during the early curing stage by 
lowering the viscosity of the polymer melt. 
Further thermal aging allows the buildup of 
molecular weight, as shown by increases 
in solution viscosity, with concomitant in- 
creases in desired physical properties. 

The technique can be practiced with 
any of four different combinations of ma- 
terials. Amic acids can be added to poly 
(amic acids), imides can be added to poly 
(amic acids), amic acids can be added to 
polyimides, and imides can be added to 
polyimides. The additives and polymers 
can be mixed by combining the substan- 
ces in solutions, dispersions, or mixtures of 
powders. 

Enhanced flow of the melts during proc- 
essing was achieved for the thermoplas- 


tics produced by the above combinations. 
This technique will be useful in the prepara- 
tion of void-free polyimide composites from 
higher flow resins that wet out fibers at 
lower processing temperatures. Likewise, 
this technique can be applied to the prepa- 
ration of high-temperature polyimide adhe- 
sives that allow enhanced wetting of the 
adherends and, ultimately, better adhe- 
sion. By control of the amount of additive, 
the flow of the polyimide can be optimized. 
The technique is an improvement to the 
processing of polyimides and has potential 
application for the production of films, 
coatings, adhesives, and composites. 

This work was done by Terry L St. Clair, 
Harold D. Burks, and Diane M. Stoakley of 
Langley Research Center and J. Richard 
Pratt of PRC Kentron, Inc. For further infor- 
mation, Circle 120 on the TSP Request 
Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 18]. Refer to LAR-13669 


Processable Aromatic Polyimide 
Thermoplastic Blends 

Resins exhibit excellent melt flow during processing. 
Langley Research Center, Hampton, Virginia 


Polyimides are attractive to the aero- 
space industry because of their toughness, 
thermal and thermo-oxidative stability, 
resistance to solvents, and excellent 
mechanical and electrical properties over 
a wide range of temperatures. However, 
the production of structurally-sound, void- 
free laminates from prepregs (layers of 
fabric preimpregnated with resin) has been 
difficult due to the poor melt-flow charac- 
teristics exhibited during processing. A 
method has been developed for preparing 
readily-processable thermoplastic poly- 
imides by blending linear, high-molecular- 
weight, polyamic acid solutions in ether 
solvents with ultrafine, semicrystalline, 
thermoplastic polyimide powders. The 
slurries thus formed are used to make pre- 
pregs. The consolidation of the prepregs 
into finished composites is characterized 
by excellent melt flow during processing. 

Solutions of linear polyamic acids of 
high molecular weight are prepared by the 
reactions of dianhydrides with aromatic di- 
amines in either aprotic or ether solvents. 
Semicrystalline polyimide powders are 
prepared by the chemical cyclodehydra- 


tion of the polyamic acids in aprotic sol- 
vents. The semicrystalline powders must 
have low melt viscosities, usually obtained 
by controlling molecular weight; yet on 
heating, these powders must increase in 
molecular weight by slow chain-growth 
polymerization of the amine and anhydride 
end groups to form tough linear thermo- 
plastic material. 

To make the prepregging slurry, the 
semicrystalline polyimide powder is added 
to a 10- to 40-percent solution of the high- 
molecular-weight polyamic acid. Ether 
solvents are preferred. The powder must 
remain insoluble. Depending upon the de- 
sired amount of improvement in the melt 
flow, the weight ratio of polyimide powder 
to polyamic acid can vary from 1:10to 10:1. 
The total content of solids can vary from 20 
to 50 weight percent. The resultant slurry 
must be stable and not separate into its 
components if it is to be employed in pre- 
pregging fiber or fabric in continuous proc- 
esses. 

The slurry can be applied to film, fiber, 
fabric, metal, polymer, or composite sur- 
faces. After a "B-stage" heat treatment to 
remove solvent and water of imidization, 
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the polymer coating thus obtained includes 
the semicrystalline powder homogeneously 
dispersed on the substrate in the polyimide 
derived from the polyamic acid. Thermal 
treatment above the melting temperature 
of the semicrystalline powder with or with- 
out the application of pressure causes en- 
hanced melt flow of the blend of the two 
polyimides. The viscosity of the melt in- 
creases as the molecular weight of the 
polyimide derived from the semicrystalline 
powder increases. 


This technique was used to make vari- 
ous stable slurries from which prepregs 
were prepared. The composites fabricated 
from the prepregs exhibited high glass- 
transition temperatures, excellent con- 
solidation, and had no voids, as indicated 
by good ultrasonic C-scans by equipment 
capable of detecting microvoids. High 
short-beam shear and flexure properties of 
these composites were also obtained at 
both room and high temperatures. 

This work was done by Robert M. 


Baucom, Norman J. Johnston, Terry L St. 
Clair, James B. Nelson, John R. Gleason, 
and K. Mason Proctor of Langley Re- 
search Center. For further information, 
Circle 140 on the TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 18]. Refer to LAR-13695. 


Sizing Increases Fiber/Matrix Adhesion 

Graphite fibers are precoated in a dilute solution of the matrix. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 
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The Flexural Strengths of composite samples were measured to determine the effects of dif- 
ferent fabrication conditions. 


Experiments have shown that the 
strengths of graphite fiber/polycarbonate 
matrix composites are increased by pre- 
coating (“sizing”) the fibers with a thin layer 
of polycarbonate. It is widely recognized in 
the industry that sizing can promote the 
wetting of fibers by matrix polymers, there- 
by enhancing fiber/matrix adhesion; how- 
ever, until now the proprietary nature of 
commercially sized fibers has made it dif- 
ficult to investigate the factors that deter- 
mine the effectiveness of sizing. 

The graphite fibers to be sized were im- 
mersed in a solution of 0.1 weight percent 
of polycarbonate in methylene chloride for 
Vi h, then drained and dried at 65 °C in 
an air-circulating oven for about 1 h. From 
the length [0.25 in. (6.35 mm)], diameter 
(8 ^nn), and weight gain of the fibers (0.65 
percent), the thickness of the polycarbon- 
ate coating on the fibers was estimated to 
be 125 A. 

Composite mats were formed by press- 
ing mixtures of sized or unsized graphite 
fibers and polycarbonate flakes at a tem- 
perature of 275 °C and a pressure of 5,000 
psi (34 MPa) for 15 min, then allowed to 
cool slowly to room temperature while re- 
maining under pressure. Some of the sam- 
ples were annealed in the press by main- 
taining them at 245 °C for various intervals 
from Vi to 4 h before allowing them to cool 
to room temperature. 

Specimens were cut from the compos- 
ite mats and subjected to three-point bend- 
ing tests to fracture, to determine their flex- 
ural strengths and moduli. As shown in the 
figure, the flexural strength of the speci- 
mens made from unsized fibers was in- 
creased by annealing. However, the unan- 
nealed specimens made from sized fibers 
showed the greatest strength of all. 

The question of the molecular structure 
of the fiber/matrix interface in the sized 
specimens has not yet been addressed. 
However, x-ray diffraction analysis of the 
unsized specimens showed that annealing 
causes the matrix polymer to crystallize 
partially on and around the graphite fibers. 
NASA Tech Briefs, November 1988 


Such crystallinity was previously known to 
be caused by exposure to solvents or by 
annealing above the glass-transition tem- 
perature and may be responsible for the 
enhancement of the fiber/matrix bonding. 

This work was done by Muzaffer 
Cizmecioglu of Caltech for NASA’s Jet 
Propulsion Laboratory For further infor- 
mation, Circle 143 on the TSP Request 
Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 


this invention. Inquiries concerning rights 
for its commercial use should be address- 
ed to 

Edward Ansell, 

Director of Patents and Ucensing 
Mail Stop 301-6 

California Institute of Technology 
1207 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-16975, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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Books and Reports 

These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP’s) when a Re- 
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Oxidation-Resistant 
Surfaces for 
Solar Reflectors 

Thin films on silver 
provide highly-reflective, 
corrosion-resistant mirrors. 

A study has evaluated a variety of oxi- 
dation-resistant reflective materials for use 
in a solar dynamic power system, one that 
generates electricity by focusing the Sun- 
light onto the receiver of a heat engine. 


NASA Tech Briefs 

Reprints 

Make attractive sales presentations 
for your sales people at meetings and 
shows. 

The reprints are printed in color or 
black and white on quality coated paper. 
Reprints can be ordered as one page or 
in multi-pages. The NTB cover with a 
message streamer may appear as 
page one with the editorial appearing on 
pages 2,3, and 4 or your own messge 
may be reprinted on page 4. 

Call the NTB Production Department 
to customize a reprint for you at (21 2) 
490-3999. Or write to NASA Tech 
Briefs, 41 East 42nd Street, New 
York, NY 1001 7. 



Introducing NASA Tech Briefs 

Bound Volumes 


Your single source for a full year of NASA 
research breakthroughs. 

A complete set of 1986 or 1987 NASA 
Tech Briefs issues can now be yours in a 
beautiful hardcover bound volume with a 
gold-lettered spine. 

Over 900 pages of cutting-edge tech- 
nology in each volume. The perfect gift for 
engineers, scientists, teachers, and 
students; a vital reference tool for years to 
come. 

Special introductory price only $95.00 per 
volume, including FREE delivery. 

Rush me: □ 1986 □ 1987 

Name 

Company 

Address 

City State 

Zip Phone 

Send check or money order to: 

NASA Tech Briefs, Bound Volumes Offer 
41 East 42nd Street, Suite 921 
New York, NY 10017 


Such a system offers the advantage of high 
efficiency — higher than that of a photo- 
voltaic system, for example. 

Thin films of platinum and rhodium were 
deposited by ion-beam sputtering on vari- 
ous substrate materials. Solar reflectan- 
ces were measured as a function of time of 
exposure to a radio-frequency-generated 
air plasma. Similarly, several protective 
coating materials — magnesium fluoride, 
silicon dioxide, aluminum oxide, and silicon 
nitride — were deposited on silver-coated 
substrates and exposed to the plasma. The 
films were analyzed before and after expo- 
sure by electron spectroscopy for chemi- 
cal analysis and by Auger spectroscopy. 

Although platinum and rhodium sur- 
vived the exposure to atomic oxygen in the 
plasma, their reflectances are so low com- 
pared to that of silver that they are not likely 
candidates for mirrors in solar dynamic 
power generators. If a suitable protective 
coating for silver can be found — and the 
study data show that such coatings are 
available — silver mirrors are a better 
choice. 

Any of three coatings tested — MgF^ 
Si0 2 , or Al 2 0 3 — would protect silver ade- 
quately against degradation by atomic oxy- 
gen. Si 3 N 4 is completely converted to Si0 2 
by the plasma, and there is therefore no 
advantage in using the nitride. 

In the study, no attempt was made to de- 
termine the effect of deposition techniques 
other than ion-beam sputtering on the per- 
formance of the protective coatings. For 
large-scale deposition, other techniques 
would be more appropriate. 

This work was done by Daniel A. Gulino 
of Lewis Research Center, Robert A. 
Egger of Cleveland State University, and 
William F. Banholzer of General Electric 
Co. Further information may be found in 
NASA TM-88865 [N87-10960/NSP], "Oxi- 
dation-Resistant Reflective Surfaces for 
Solar Dynamic Power Generation in Near 
Earth Orbit" 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (800) 336-4700. 

LEW-14636 

Hydrogen Embrittlement 
and Stacking-Fault 
Energies 

Embrittlement in Ni/Cu 
alloys appears to be 
related to stacking- 
fault probabilities. 

A report describes an attempt to show a 
correlation between the stacking-fault en- 


ergy of different Ni/Cu alloys and their sus- 
ceptibility to hydrogen embrittlement. Such 
a correlation could lead to a more funda- 
mental understanding and to a method of 
predicting the susceptibility of a given Nil 
Cu alloy from its stacking-fault energies 
calculated from X-ray diffraction measure- 
ments. Currently, this susceptibility is 
measured by a costly, time-consuming pro- 
cedure involving the physical testing of 
notched tensile specimens in 34.5 MPa of 
hydrogen and in a mixture of air and heli- 
um: The ratio of ultimate tensile strength in 
hydrogen to that in air is a measure of the 
relative susceptibility of an alloy to hydro- 
gen embrittlement, a smaller ratio indicat- 
ing a greater sensitivity. 

Stacking-fault energies have been used 
to explain hydrogen embrittlement of alloys 
in terms of hydrogen transport. According 
to this theory, a low stacking-fault energy 
entails very difficult cross-slip for disloca- 
tions; consequently, moving dislocations 
on the slip plane transport hydrogen to a 
small region of the grain boundary as the 
dislocations pile up. The resulting concen- 
tration of hydrogen causes the loss of in- 
tegrity in the grain boundary. On the other 
hand, dislocations in an alloy with a high 
stacking-fault energy (narrow fault width) 
easily undergo cross-slip. Therefore, hydro- 
gen in a dislocation is scattered throughout 
the grain, with less damage to the grain- 
boundary integrity. 

Copper and nickel react oppositely to 
hydrogen and have high and low stacking- 
fault energies, respectively. It was hoped 
that the stacking-fault energies in cop- 
per/nickel alloys could be correlated with 
hydrogen embrittlement over the composi- 
tional range above 50 weight percent nick- 
el, in which these alloys begin to show 
marked hydrogen embrittlement. 

Experiments were performed with six 
copper/nickel alloys having the percent- 
age of nickel from 47.7 (notched tensile 
ratio hydrogen/air = 0.96) to 73.5 (notched 
tensile ratio hydrogen/air = 0.52). Stack- 
ing-fault energies and probabilities were 
calculated from X-ray diffraction measure- 
ments on cold-worked and annealed pow- 
ders. Hydrogen embrittlement was found 
to increase with decreasing stacking-fault 
probabilities, but the correlations among 
stacking-fault energies, stacking-fault prob- 
abilities, and embrittlement appear to be in- 
direct. Even with an increase in the preci- 
sion of X-ray diffraction measurements, it 
may not be possible to produce a direct 
correlation. 

This work was done by R. A. Parr, M. H. 
Johnson, J. H. Davis, and T. K. Oh of Mar- 
shall Space Right Center For further in- 
formation, Circle 60 on the TSP Request 
Card. 

MFS-27114 
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Dynamic power. For centuries prov- design derives its energy from the sun’s 
en in the cruelest of environments. On heat. And by storing thermal energy, 
the harsh surface of planet Earth. massive storage batteries are eliminated. 

From man’s earliest water wheel to Dynamic power means lighter pay- 

the state-of-the-art closed Brayton cycle load weight at launch, with more kilo- 
system, the efficiency of dynamic power watts in orbit. And its smaller surface 
has never been approached. area reduces orbit-decaying drag. 

Using only one moving part, it was For the Space Station, our solar- 

developed in concert with NASA’s Lewis driven system will provide reliable power 

Research Center. This Fluid System for NASA’s scientific research. And all 

Allied-Signal Aerospace Company 


planned commercial experiments. 

What’s more, over the 30-year life 
of the Space Station, the Fluid System 
design, providing 250 kilowatts of power, 
will save over $3 billion compared to con- 
ventional systems. A powerful thought 
for scientists and budget plan ners alike. 

Fluid Systems Division, 1300 
West Warner Road, Tempe, AZ 85284. 
(602)893-4421. 


^Signal 


Circle Reader Action No. 650 



DADiSR 


Serious Signal Analysis 
The Way You Always 
Pictured It! 



Make Waves... 



make Sense... 


the First Spreadsheet 
designed exclusively for 
Scientists and Engineers. 

Over 150 functions for displaying 
and analyzing waveforms makes 
sophisticated signal processing as 
easy as typing a name. Run exter- 
nal data acquisition software, or 
your own analysis programs; 
create new functions with DADiSP 
Macros; and, talk to your in- 
struments with DADiSP-488. 

make a Call. 


(617) 577-1133 

Order our $20 Interactive Demo Disk. 
Ask about DADiSP for IBM-PC/XT/AT, 
DEC MicroVAX, HP9000, Masscomp 
5000, and Sun Workstations. For further 
information write DSP Development 
Corporation, One Kendall Square, 
Cambridge, MA 02139, (617) 577-1133 




Development 

Corporation 
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56 File-Format Program 
for Transferable 
Output ASCII Data 
56 Definition of Touch- 
Sensitive Zones for 
Graphical Displays 
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58 Permanent-File- 
Validation Utility 
Computer Program 


COSMIC: Transferring NASA Software 

COSMIC, NASA’s Computer Software Manage- 
ment and Information Center, distributes soft- 
ware developed with NASA funding to industry, 
other government agencies and academia. 

COSMIC’s inventory is updated regularly; new 
programs are reported in Tech Briefs. For addi- 
tional information on any of the programs describ- 
ed here, circle the appropriate TSP number. 

If you don’t find a program in this issue that 
meets your needs, call COSMIC directly for a free 


review of programs in your area of interest. You 
can also purchase the 1988 COSMIC Software 
Catalog, containing descriptions and ordering in- 
formation for available software. 

COSMIC is part of NASA’s Technology Utiliza- 
tion Network. 


COSMIC- — John A. Gibson, Director , (404) 
542-3265 

The University of Georgia, 382 East Broad Street, 
Athens, Georgia 30602 


Computer Programs 

These programs may be obtained at a 
very reasonable cost from COSMIC, a 
facility sponsored by NASA to make 
computer programs available to the 
public. For information on program 
price, size, and availability, circle the 
reference number on the TSP and 
COSMIC Request Card in this issue. 


© Mathematics and 
Information Sciences 


File-Format Program for 
Transferable Output 
ASCII Data 

TOAD utilities are machine- 
independent and require 
minimal central memory. 

The Transferable Output ASCII Data 
(TOAD) file-format computer program facil- 
itates the transfer of data files from one 
computer installation to another. TOAD 
files are of the preferred type and record 
length to make them easy to edit, read, and 
write on magnetic tape or to transfer 
across communications networks. Appli- 
cations programs can write TOAD files di- 
rectly yet still conform to all ANSI FOR- 
TRAN 77 standards. 

The TOAD utilities are written in ANSI 
FORTRAN 77 and have been implemented 
on CDC NOS, CDC NOS/VE, VAX VMS, 
VPS-32 VSOS, and Gould UNIX systems, 
requiring a minimum of central memory. 
This technique and these utilities are 
machine-independent. The TOAD format 
and associated utilities were developed in 
1985. 

This program was written by Bradford 
Bingle of Computer Sciences Corp. for 

Langley Research Center For further in- 
formation, Circle 103 on the TSP Request 
Card. 

LAR-13755 


Definition of 
Touch-Sensitive Zones 
for Graphical Displays 

Touch zones are defined 
simply by touching, while 
editing is done automatically. 

The development of a touch-screen in- 
teractive computing system can be a tedi- 
ous task. The Interactive Editor for Defini- 
tion of Touch-Sensitive Zones computer 
program greatly increases the efficiency of 
human/machine communications by en- 
abling the user to define each zone interac- 
tively, thus minimizing redundancy in pro- 
gramming and eliminating the need for 
manual computation of the boundaries of 
touch areas. The information produced 
during the editing process is written to a 
data file, to which access can be gained 
easily when needed by an application pro- 
gram. 

The touch-editing program is linked as a 
subroutine to the display-generating soft- 
ware. After answering questions concern- 
ing the format of the desired data file, the 
user defines each area individually by 
touch. The user touches the screen in one 
corner of the desired zone and then moves 
to the opposite corner of the zone without 
breaking contact with the screen. As this is 
done, a rectangle is drawn on the monitor 
showing the user the touch zone as it is 
being defined. The rectangular area ex- 
pands dynamically with the motion of the 
user’s finger, as though the periphery were 
being stretched like a rubberband. When 
the area is defined to the user’s satisfac- 
tion, the coordinate data are written to the 
file. 

Additionally, diagnostic routines in the 
editing program alert the user when touch 
areas overlap and allow for correction of 
the error. The application program can 
then provide the appropriate response to a 
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Falcon Microsystems Introduces 
The Perfect Proposal System. 


Winning Proposals, Complete 
From Planning To Presentation. 

A Falcon Desktop Proposal System has 
everything you need to beat your 
competition. 

This all-in-one package includes an 
Apple® Macintosh® II personal computer, a 
high-capacity Rodime RX Series external 
hard drive, and some of the most powerful 
business software available today. Programs 
like MacProject™ MacDraw™II, Microsoft 
Excel and Microsoft Word that let you plan, 
budget, and write a superior contract 
proposal. And Interleaf Publisher for 
combining your text, graphics, and 
spreadsheets into a single, winning 
document. 

No matter how large that document 
grows, handle it with a Rodime hard drive, 
with up to 140 megabytes of fast-access 
external storage you can take anywhere, or 
lock away at night for security. 

For typeset quality text and high- 

RODIME 

SYSTEMS 


* 


® Apple Authorized Federal Government Reseller 



resolution graphics to set your proposal 
apart, we recommend printing on the 
Apple LaserWriter® II NTX. 

And after you deliver your proposal - on 
schedule and under budget - use your extra 
time and Microsoft PowerPoint to produce 
the slides, overheads, flip-charts, and hand- 
outs you'll need for live presentations. 

Fakon Networking And Service 
Put You In Control 

Of course, you don't have to do it all by 
yourself. Falcon's network specialists will 
show you how to pull together work 
originating on computers anywhere in your 
company. With our know-how and 
Macintosh's unequalled connectivity you 
can share information with other 
workstations, mainframes, minis, MS/DOS 
and UNIX-based micros, as well as other 
Macintoshes. 

We'll evaluate your needs, custom- 
design a system for the types of proposals 


you generate, and then back you up with 
training, service, and maintenance. 

A Cost-Effective, Winning, 
Complete Solution. 

At Falcon, we understand the value of 
winning. That's why our Desktop Proposal 
System is such a powerful - yet economical 
weapon in the war of ideas. The cost of a 
complete system is significantly less than 
the sum of its parts. And it could well pay 
for itself with your first successful RFP 
response. 

If it's time you started winning, call (301) 
341-0146 today to learn more about 
Falcon’s Desktop Proposal System. 


FALCON 

MICROSYSTEMS 

1801 McCormick Drive 
Landover, Maryland 20785-5326 

(301)341-0146 

GSA Hardware Schedule: GSOOK-88AGS^185 
GSA Software Schedule: GS-OOK-88AGS-6218 

Two percent credit card 
surcharge waived on all 
government orders 

Apple, the Apple logo, Macintosh and LaserWriter are registered trademarks of 
Apple Computer. Inc. RX is a trademark of Rodime PLC. All other trademarks 
are proprietary to their respective manufacturers. 
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touch input by using the data file to deter- 
mine easily which, if any, area has been 
pressed. 

This program has been implemented in 
VAX-11 FORTRAN on a DEC VAX 11/780 
computer operating under VMS 4.4. 
Graphics routines are written in the Real- 
Time Animation Package (RAP), a high- 
level graphics language used to control the 
Adage, Inc., Adage-3000 programmable 
display generator. Any VAX that controls a 
graphic display by communicating with a 
RAP procedure can use the editing pro- 
gram in its present implementation. The 
program has a memory requirement of un- 
der 10,000 8-bit bytes and was released in 
1988. 

This program was written by Burt L 
Monroe III and Denise R. Jones of Langley 
Research Center. For further information, 
Circle 147 on the TSP Request Card. 
LAR-13822 


Rational-Spline Subroutines 

Smooth curves can be 
drawn among plotted 
data more easily. 

Scientific data often include random er- 
rors that make plotting and curve fitting dif- 


ficult. The Rational-Spline Approximation 
with Automatic Tension Adjustment algo- 
rithm leads to a flexible, smooth represen- 
tation of experimental data. As used here, 
“tension” denotes a mathematical analog 
of mechanical tension in a spline or other 
mechanical curve-fitting tool, and “spline” 
as used here denotes a mathematical gen- 
eralization of such a tool. 

The user sets the conditions for each 
consecutive pair of knots, which are user- 
defined divisions in the set of data. These 
conditions are set to apply no tension, to 
apply fixed tension, or to determine tension 
with a tension-adjusting subalgorithm. The 
user also selects the number of knots, the 
abscissas of the knots, and the allowed 
maximum deviations from line segments. 
The selection of these quantities depends 
on the actual data and on the require- 
ments of a particular application. 

This program differs from the usual 
spline under tension in that it allows the 
user to specify different values of tension 
between adjacent pairs of knots rather 
than a constant tension over the entire 
range of data. The subroutines use an 
automatic adjustment scheme that varies 
the tension parameter for each interval un- 
til the maximum deviation of the spline 
from the line joining the knots is less than or 
equal to an amount specified by the user. 
This procedure frees the user from the 


drudgery of adjusting individual tension pa- 
rameters while still giving control over the 
local behavior of the spline. 

The Rational Spline program is written 
completely in FORTRAN for implementa- 
tion on a CYBER 850 operating under 
NOS. It has a central-memory requirement 
of approximately 1,500 words. The pro- 
gram was released in 1988. 

This program was written by James R. 
Schiess and Patricia A Kerr of Langley 
Research Center and Olivia C. Smith of 
Computer Sciences Corp. For further infor- 
mation, Circle 100 on the TSP Request 
Card. 

LAR-13694 

Permanent-File-Validation 
Utility Computer Program 

Errors in files can be 
detected and corrected 
during operation. 

The Permanent File Validation (PFVAL) 
utility computer program provides CDC 
CYBER NOS sites with a mechanism to 
verify the integrity of the permanent file 
base. PFVAL locates and identifies perma- 
nent file errors in the Mass Storage Table 
(MST) and Track Reservation Table (TRT), 
in the permanent file catalog entries 
(PFC’s), in the permit sectors, and in the 
disk sector linkage. All detected errors are 
written to a listing file and to the system and 
job day files. 

A site can use PFVAL either to verify that 
the permanent file base is intact or to iso- 
late errors for correction via the Display 
Disk File (DDF) utility computer program, a 
CDC NOS standard product. The program 
can also be used to clear an error idle con- 
dition on a disk (entry point CLREI) and to 
perform online validation of the track link- 
age in the MST7TRT for a specified mass 
storage device (MSVAL). 

The program operates by reading sys- 
tem tables (the MST and TRT), the catalog 
track (PFC’s), the permit sectors, and the 
disk linkage bytes to validate expected and 
actual file linkages. This program has been 
used extensively to identify and locate er- 
rors in permanent files and enable online 
correction, thus reducing computer-sys- 
tem downtime. 

PFVAL is written entirely in COMPASS 
(CPU & PPU) and includes common decks 
and has been implemented on a CDC 
CYBER 170 and 180 series running NOS 
version 2. Approximately 22,000 words 
(octal) are initially required for execution, 
but field length will increase as internal 
tables are built. The program was devel- 
oped in 1983. 

This program was written by Stephen D. 
Derry of Unisys Corp. for Langley Re- 
search Center. For further information, 
Circle 148 on the TSP Request Card. 
LAR-13946 
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ITI VIDEOSCOPES 


New from ITI, a full color Videoscope that is portable, 
weighs only 30 lbs. and housed in an instrument case 
measuring 16"W x 12''H x 17"D. 

Standard with four (4) way articulation and 
available in several lengths. Series 162000 
Videoscopes provide sharp, clear true 
color images for the most critical 
inspection requirements. 

Options include VCR, freeze frame, 
video micrometer and battery pack 
for field applications. 

For state-of-the-art performance, 
industrial ruggedness and guaran- 
teed service, depend on ITI. 


All instruments made and serviced 
in the U.S.A. 



INSTRUMENT 
I TECHNOLOGY, INC. 

The Leader in Remote Viewing 

P.0. Box 381, Westfield, MA 01086 • (413) 562-3606 • FAX (413) 568-9809 
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Everyone’s talking about it now, but we’ve been shipping it Send in the coupon below for your free copy of 

since 1982. And we’ve continued to set the real-time standard Understanding Real-Time UNIX, by Prof. John Henize. 



every year since. RTU™, our real-time enhanced 
operating system, provides guaranteed 
response plus the flexibility and compatibility 
of AT&T System V and 4.2 BSD. 

Scientists, engineers, systems integrators, 
and OEMs can choose from a family of 
MC68030/020-based multiprocessor 
computers, from 3 to 25 MIPS, with VMEbus™ 
and Multibus.™ They’re designed for high- 
performance applications in data acquisition, 
digital signal processing, imaging, CM, and 
real-time simulation. 


UNIX 


Get in tune with the best real-time systems 
available. 

1-800-451-1824 

<MA 508-692-6200) 


Send this coupon to MASSCOMP, Dept. J-DN, 

One Technology Way, Westford, MA 01886 

C] YES, please send a complimentary copy of 
Understanding Real-Time UNIX. 

□ Send me information on MASSCOMP real-time 
computer systems. 


What’s behind the trend to real-time UNIX? 

Want to learn how your real-time application can benefit 
from UNIX power and compatibility? 



MASSCOMP 


UNIX is a trademark of AT&T Bell Labs 

MASSCOMP and RTU are trademarks of Massachusetts Computer Corporation 

VMEbus is a trademark of Motorola Corporation. Multibus is a trademark of Intel Corporation 
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64 Simplified Analysis of 
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Positioning Rotors in Turbine Flowmeters 

Lengths of wakes are roughly proportional to thicknesses of vanes. 


Marshall Space Flight Center, Alabama 


A mathematical model simplifies the 
analysis of the effects of flow-straightening 
vanes in a turbine flowmeter The model 
yields a numerical solution of the differen- 
tial equations of flow for a quick examina- 
tion of the effects of the thicknesses of the 
vanes and the rate of flow on the extent of 
the wake behind the vanes. From this ex- 
amination, the minimum distance at which 
the flowmeter rotor should be placed be- 
hind the vanes can be determined. 

The purpose of the flow straightener is 
to make the velocity uniform across the 
flowmeter pipe. Ideally, the rotor spins with 
a rotational velocity proportional to the rate 
of flow through the pipe. However, if the 
rotor is positioned too closely to the flow 
straightener, the wake of the straightener 
vanes imposes substantial nonuniformity 
on the flow that impinges on the rotor. In 
that case, the rotational velocity of the rotor 
is no longer proportional to the rate of flow, 
and the indications of the flowmeter are 
inaccurate. 

The mathematical model represents a 
portion of a hexagonal array of flow- 
straightening vanes as a two-dimensional 
backward-facing step that is half of a sym- 
metric pair. The height of the step is equal 
to half the thickness of a vane (see figure). 

The analysis is performed with the help 
of a computer code that has been modified 
to calculate the flow past a straightener 
vane and to estimate both the length of the 
recirculation region behind the vane and 
the deviation of the velocity field behind the 
vane from uniformity. The code, which 
uses a two-dimensional, steady-state for- 
mulation, solves the Navier-Stokes equa- 
tions of fluid flow by an iterative underre- 
laxation procedure combined with integral 
control-volume analysis, hybrid finite differ- 
encing, and a staggered grid system. An- 
other model, called the k-t model, is ap- 
plied to solve for the turbulent Reynolds 
stresses. 

The analytical technique was first used 
to solve a long-standing problem in a liquid- 
hydrogen flowmeter: When the rotor was 
moved from 1.5 in. (3.8 cm) to 0.75 in. 
(1.9 cm) behind the straightener, the ratio 
of the rotational speed of the flowmeter to 
60 


the rate of flow varied with the rate of flow. 
From experience, the intensity of the tur- 
bulence was known to have only a weak ef- 
fect on the flow field. Therefore, the extent 
of the wake was calculated as only the two 
remaining parameters — the thickness of 
the vanes and the rate of flow — were 
varied. 

The calculation showed that the rate of 
flow was large enough so that it had only a 
minor effect on the extent of the wake. On 
the other hand, the thicknesses of the 
vanes had a substantial effect. The length 
ot the wake was found to be linearly related 
to the height of the step and, therefore, to 
the vane thickness. This suggests that if 


the rotor is moved closer to the flow 
straightener and/or the straightener vanes 
are made thicker, the flow at the rotor be- 
comes nonuniform, and the performance 
of the flowmeter is impaired. Thus, to main- 
tain adequate performance when placing 
the rotor closer to the straightener, it is 
necessary to decrease the thickness of the 
vanes. 

This work was done by Edward D. 
Lynch, Daniel C. Chan, and Munir M. Sindir 
of Rockwell International Corp. for Mar- 
shall Space Flight Center For further in- 
formation, Circle 163 on the TSP Request 
Card. 

MFS-29331 



The Wake Behind a Flow-Straightening Vane in a hexagonal array of such vanes is modeled 
as the two-dimensional flow Dast a backward-facing step. 
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Self-Protecting 
Heat Exchanger 

A double wall with a 
variable gap would have 
variable conductance. 


Marshall Space Flight Center, 
Alabama 

A proposed double-wall heat-exchanger 
tube would protect itself from overloads 
by changing its thermal resistance auto- 
matically. When the temperature at any lo- 
cation on the tube increases above a 
prescribed limit, the thermal resistance 
through the walls of the tube would in- 
crease at that location. It would thus pre- 
vent the local excess heat load from over- 
heating the tube or boosting the internal 
pressure and thereby weakening the tube, 
shortening its life expectancy, or destroy- 
ing it. When the heat load falls to a normal 
level, the tube would automatically lower 
its thermal resistance and resume heat ex- 
change at its rated capacity. 

Tbe double-wall tube would consist of an 
outer tube fitted around an inner tube in 




Contact Zone 
(Variable Thermal 
Resistance) 


A Heat-Conductive Outer Tube would sur- 
round a heat-conductive inner tube. Expan- 
sion of the outer tube under an excessive 
external temperature would increase the 
thermal resistance of the tube-to-tube con- 
tact and thereby diminish the flow of heat 
to the inner tube. 


Great Gift Ideas 

await you in the new brochure of 
books, posters, and videotapes from 
NASA Tech Briefs. Circle Reader Ac- 
tion No. 700 for your free copy, or call 
(800) 258-0201 for speedy delivery. 
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such a way that the local thermal conduc- 
tivity across the gap between the tubes 
would vary with the local contact pressure 
(see figure). Fluid flowing through the inner 
tube would carry off the heat absorbed 
through the outer tube from the hot gas or 
other medium surrounding it. Ordinarily, 
the outer tube would fit tightly around the 
inner tube, and the close contact would en- 
able the rapid and efficient flow of heat 
from the outside medium to the fluid in the 
inner tube. When the temperature of the 
outside medium rises above a preset level, 
the jacket would expand, creating or in- 
creasing the gap between the inner and 
outer tubes at that point. The local thermal 
resistivity would therefore rise at the point, 


and heat flow from the outside would de- 
crease, preventing thermal overload of the 
inner tube and the fluid within it. When the 
outside temperature falls to a safe value, 
contact between the jacket and core 
would be restored. 

The double-wall tube was conceived for 
the tank-pressurization heat exchanger of 
the Space Shuttle main engine, where it 
would have to operate at a pressure of 
3,500 psi (24 MPa) and a temperature of 
778 K (505 °C). The double-wall design 
would increase the safety of present 
single-wall tubes, which must be thin for 
high heat flux, long life, and low thermal 
stress. The most likely terrestrial applica- 
tions are heat exchangers in airplanes. 
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This work was done by William R. ther documentation is available. dressed to the Patent Counsel, Marshall 

Wagner of Rockwell International Corp. for Inquiries concerning rights for the com- Space Flight Center [see page 1 8], Refer to 

Marshall Space Flight Center No fur- mercial use of this invention should be ad- MFS-29286. 


Condensing, Two-Phase, Contact Heat Exchanger 

A unit separates liquid from vapor as it condenses. 


Lyndon B. Johnson Space Center, Houston, Texas 


A two-phase heat exchanger continu- 
ously separates the liquid and vapor phas- 
es of the working fluid and positions the liq- 
uid phase for efficient heat transfer The ex- 
changer consists of alternating channels 
for liquid and vapor in a cylindrical wall (see 
figure). 

Saturated vapor flows in the vapor chan- 
nels. As the vapor condenses, capillaries in 
a porous sintered-metal layer on the chan- 
nel walls wick the liquid away Holes in the 
wall, behind the sintered layer, carry the 
condensed liquid into the adjacent liquid 


channel. The higher pressure in the vapor 
channel aids in driving the condensate into 
the liquid channel, which is continuously 
drained by a suction pump. 

Each liquid channel communicates with 
only one vapor channel through its holes. 
The liquid channels join a suction manifold 
at one end. The opposite ends of the liquid 
channels are sealed. 

If only vapor enters the vapor channels 
through the vapor manifold, they too could 
be sealed at one end. However, if the vapor 
enters with a noncondensing carrier gas, 


the vapor channels would have to be ex- 
hausted through a second manifold so that 
the carrier gas can be recycled. 

The heat exchanger is designed for zero 
gravity. The principle can be adapted to 
other phase-separation applications; for 
example, in thermodynamic cycles for so- 
lar-energy conversion. 

This work was done by R. L Cox, J. A. 
Oren, and L W. Sauer of LTV Aerospace 
and Defense Co. for Johnson Space Cen- 
ter. No further documentation is available. 
M SC-21 179 



Vapor 

Channel 


Liquid 

Channel 


Porous 

Sintered 

Metal 


Connecting 

Hole 


0.15 

Radius 


1.0 Radius 



r 

^ F/ v’y. \ 





The Cylindrical Heat Exchanger consists of three 120° segments like the one shown here in cross section. Dimensions, in inches, are for an 
ammonia-condensing unit that can transfer 2.3 W/cm 2 at the inner surface of the cylinder at a maximum operating temperature of 100° F 
(38 °C). 


Thread-Mounted Thermocouple 


y^Asii 


A simple 


device measures the average temperature of the surrounding material. 




Langley Research Center, Hampton, Virginia 


A thread-mounted thermocouple has 
been developed to accurately measure the 
temperature of the surrounding material. 
The thermocouple (see figure) comprises a 
threaded rod or bolt drilled along its length, 


a dual-hole ceramic insulator rod, a ther- 
mocouple wire, optional ceramic filler, and 
epoxy resin. The device is totally in contact 
with, and takes an average temperature of, 
the surrounding material. 


Three different versions of the thermo- 
couple have been installed for use with two 
different wind-tunnel models at Langley 
Research Center’s 8-Foot High Tempera- 
ture Tunnel (8 ft HTT). The ceramic filler 
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Thermocouple Leads are fed from the tip of the device out through the dual-hole ceramic in- 
sulator. 


used makes the thermocouple suitable for 
dynamic use: the 8 ft HTT reaches air 
speeds of mach 7. The thermocouple can 
replace an ordinary heat-flux gauge and 
can screw into any similarly sized threaded 
hole. The thread/jam nut design enables a 
solid, precise adjustment. 

The thermocouple can be fabricated 
easily in the size and metal to suit the parti- 
cular application. Because of its simplicity 
and ability to measure the average temper- 
ature, widespread use of this design is 
foreseen in a variety of applications. 

This work was done by Stanley W. Ward 
of Langley Research Center No further 
documentation is available . 

This invention is owned by NASA, and a 


patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 


should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 18]. Refer to LAR-13475. 


Support for Fragile Borescopes 

A fixture guides and protects small-diameter optical-inspection instruments. 


Marshall Space Flight Center, Alabama 



The Nylon Guide Tip and Acrylic Support Sleeve and Body protect and guide a fragile bore- 
scope. The support sleeve is press-fitted on the body and can be removed when there is little 
clearance around the orifice to be inspected. Otherwise, it helps to stabilize the fixture. 


A fixture supports thin borescopes during 
inspections through 0.0405-in. (1.03-mm) 
orifices. The borescopes, which have a di- 
ameter of only 0.037 in. (0.94 mm), are ex- 
tremely fragile and often fracture during in- 
spections, contaminating the inspected 
cavities with debris. Fractures can also 
cause production delays because the 
borescopes cannot be repaired and have 
to be replaced with new handmade units. 

The fixture reduces the risk of breakage, 
enabling the use of the borescopes in in- 
spections in the field as well as under 
laboratory conditions. It supports both rigid 
and flexible borescopes, protecting them 
from damage caused by crimping as they 
are fed through orifices. With modifications 
of its dimensions, the fixture concept could 
be adapted to other borescopes of various 
sizes and degrees of flexibility. 

The fixture consists of a body, a support 
sleeve, and a guide insert, all with axial 
holes to accommodate the borescope (see 
figure). A protective cap covers the guide 
insert and protruding tip of the borescope 
(if present) when the fixture is not in use. 

The fixture is inserted in a hole slightly 
larger than itself, immediately outside the 
inspection orifice, so that the support 
sleeve rests on a surface of the part to be 
inspected, stabilizing the assembly. The 
borescope is fed through the fixture and in- 
to the orifice, then rotated for a complete 


inspection. The guide insert prevents the 
borescope tip from striking the edge of the 
orifice as it enters, keeping it squarely in 
the center of the orifice. It is therefore 
unlikely to damage itself or the part. The fix- 
ture has rounded contours so that it does 
no damage when it is inserted in the large 
hole immediately outside the inspection 
orifice. 

The fixture dampens vibrations of bore- 
scopes. It thus helps to prevent the 
damage caused by vibrations and elimi- 
nates the constantly moving view that af- 


flicts unsupported small-diameter bore- 
scopes. 

This work was done by William S. Brown 
and David E. Janke of Rockwell Interna- 
tional Corp. for Marshall Space Right 
Center. For further information, Circle 145 
on the TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 18]. Refer to 
MFS-29230. 


Portable Airflow Meter 

A matrix of tubes reduces turbulence in a relatively short length. 

Lyndon B. Johnson Space Center, Houston, Texas 

A compact hand-held instrument (see in a flow-straightening tube that reduces Shuttle, for which it was developed to 

figure) measures airflow. The instrument swirling. It weighs less than 8 lb (3.6 kg) measure airflow in the waste-collection 

consists of a hot-wire anemometer probe and can be readily stored on the Space system during flight. The instrument could 
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Flow-Straightening 
' Tubes 



Because Small Internal T ubes Stabilize the Airflow, the flowmeter can be made shorter than 
it would ordinarily have to be. The tubes offer minimal resistance to the airflow: the pressure 
drop at a flow of 30 ft 3 /min (0.014 m 3 /s) is only 0.1 in. of water (about 22 Pa). 


also be used on Earth to measure airflow in 
ventilation systems, vacuum cleaners, and 
the like. 

The configuration of the flow straighten* 
er was developed empirically to reduce the 
length of the instrument to a practical di- 
mension for use and storage in a confined 
space. Standards for conventional flow 
straighteners recommend a minimum 
length upstream of the probe of 10 times 
the tube diameter and a minimum down- 
stream length of 6 diameters. However, 
adherence to these criteria would have re- 
quired a straightener 64 in. (1.6 m) long. 
The two versions of the new straightener 
are only 17 and 18 in. (43.2 and 45.7 cm, 
respectively) long. 

The inlet of the new straightener con- 
tains a matrix of internal tubes to reduce 
swirl and turbulence. The internal tubes 
are 4 in. (10.2 cm) long and Vfe in. (1.3 cm) 
in diameter. The screen is made of wire 
0.032 in. (0.81 mm) in diameter woven in a 
14 by 14 mesh per square in. (5.5 by 5.5 
mesh per square cm). The probe is posi- 
tioned about one-third of the channel dia- 
meter away from the wall. 

Despite its relative shortness, the new 
straightener stabilizes flow over the probe. 
Without it, meter readings vary by ± 4 ft 3 / 
min (2 x 10 ~ 3 m 3 /s); with it, the variation is 
only ± 0.4 ft 3 /min (2 x 10 - 4 m 3 /s). 

The instrument is used with a commer- 
cial digital readout device. It gives readings 


of the air temperature in degrees Fahren- 
heit and airspeed in ft/min on a four-digit 
light-emitting diode display. 


This work was done by Frank A. Burgett 
of Johnson Space Center and Donald R. 
Hardwick and Johnny L. Farter of Northrop 
Services, Inc. For further information, Or - 
c/e 71 on the TSP Request Card. 
MSC-21200 


Simplified Analysis 
of Vehicle/Payload 
Vibrations 

An approximate method 
yields a conservative 
criterion for stability. 


Lyndon B. Johnson Space 
Center, Houston, Texas 

A simplified mathematical model of the 
coupled vibrations of a vehicle and its 
payloads can be used in a stability analysis 
for control purposes. Developed to avoid 
the complexity and cost of full vibra- 
tions/stability calculations for each dif- 
ferent combination of Space Shuttle pay- 
loads, the simplified analysis technique 
may also be useful in assessing stability in 
loaded airplanes, ships, trucks, cranes, 
and conveyor systems. 

The multiple-payload stability criterion is 
an extension of a single-payload criterion 
that is based on measurements and on de- 
tailed calculations of the fundamental vi- 
brational modes of the vehicle and pay- 


RDK Debuts First 
"D/E" Size Thermal Plotter!! 

RDK, Inc., manufacturer of pen/pencil upright 
and flatbed digital plotters, chart recorders and 
data acquisition systems, announces the 
newest member of its product line, 
the M D/E" Thermal Plotter. 
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load. The vehicle and single payload are 
represented in simplified form by coupled 
masses and springs vibrating in one di- 
mension, each spring having the stiffness 
that would give rise to the previously deter- 
mined fundamental vibrational frequency 
of the associated mass in the absence of 
coupling with the other mass (see Figure 
1 ). 

The dynamics of the coupled vehicle 
and payload are expressed in standard 
characteristic-equation form. The equa- 
tions are solved for the frequency of the 
fundamental vehicle-bending mode in the 
presence of coupling. If this frequency is 
set to a value that is known to enable con- 
trol stability to be achieved and if the 
constrained-payload vibrational frequency 
lies at or above the frequency on a pre- 
viously determined stability curve (see 
Figure 2), then the system satisfies the 
single-payload stability criterion. 

For a vehicle with n payloads, there are 
n + 1 coupled dynamical equations. These 
can also be placed in standard character- 
istic-equation form and solved for the n -i- 1 
fundamental vibrational frequencies, one 
of which represents the fundamental 
vehicle-bending mode in the presence of 
coupling. The body-bending frequency a/ 
can also be represented as that of a 
system having a single payload of mass 
equal to the sum of all the payload masses, 
and having an equivalent spring that yields 
the body-bending frequency a>*. This fre- 
quency is set to a value that enables con- 
trol stability to be achieved as in the case of 
a single payload. 

If the sum of payload masses vibrating 
on the equivalent spring has a frequency 
co^ that satisfies the single-payload stabili- 
ty criterion, and if each payload considered 
in isolation also passes the stability test, 
then the entire payload/vehicle system 
passes the test. This criterion is conserva- 
tive in that it assumes that all payload 
masses respond together in phase, there- 
by exerting the maximum impact on the 
vehicle. In practice, payloads vibrate in dif- 
ferent phases, thereby partially cancelling 
the effects of each other. Furthermore, the 
full mass of each payload does not par- 
ticipate in the fundamental constrained- 
payload vibrational mode: thus, the impact 
of each payload is less than assumed, 
making the system more stable than as- 
sumed. 

This work was done by Reginald R. J. Yu 
of McDonnell Douglas Corp. for Johnson 
Space Center. For further information, 
Circle 86 on the TSP Request Card . 
MSC-21231 
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VEHICLE IN ISOLATION 


SINGLE CONSTRAINED 
PAYLOAD IN ISOLATION 



VEHICLE COUPLED 
WITH 

SINGLE PAYLOAD 
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WITH 
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VEHICLE COUPLED 
WITH MULTIPLE 
PAYLOADS: SIMPLIFIED 
MODEL FOR 
STABILITY CRITERION 


Figure 1. Lumped Masses and Springs that have vibrational frequencies equal to those of 
the vehicle and payloads in isolation are coupled together in a simplified one-dimensional 
analysis to determine the fundamental vibrational frequencies of the system. 



Vibrational Frequency cu 0 of Constrained, Isolated 
Payload or coeq of Combined Payloads 


Figure 2. The Payload/Vehicle System Is Stable if the mass of the payload and the frequency 
at which it vibrates when constrained against an infinitely massive object lie on, or to the 
right of, the stability curve. The curve is obtained from an extensive theoretical and experi- 
mental analysis of the interactions between the vibrations and the control systems of the 
vehicle. 
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Convertible Gas-Turbine Engines 

The consumption of fuel and the cost of operation would be reduced. 


Lewis Research Center, Cleveland, Ohio 



Figure 1. Hovering Performance and Disk Loads are plotted for various aircraft, some of 
which could use convertible engines. 



Figure 2. This Conceptual Drawing shows the X-wing rotorcraft with convertible engines. 


A convertible engine is an aircraft gas- 
turbine engine that is two engines in one. It 
can produce turbofan thrust, turboshaft 
power, or any combined thrust and shaft 
power continuously while operating up to 
full speed. Convertible engines could be 
used to power vertical/short-takeoff-and- 
landing (V/STOL) airplanes and advanced 
high-speed rotorcraft like those shown in 
Figures 1 and 2. Studies of conceptual 
high-speed rotorcraft have shown that the 
use of convertible engines rather than 
separate engines for rotor power and for- 
ward thrust affords advantages in installa- 
tion and can save as much as 16 percent in 
fuel and 20 percent in direct operating 
costs. 

For a rotorcraft, a convertible engine 
would operate as a turboshaft engine to 
drive a lifting rotor for vertical and low- 
speed horizontal flight and as a turbofan 
engine to produce thrust for high-speed 
horizontal flight. For a jet-powered V/STOL 
airplane, the convertible feature could be 
used to cross-couple the fans in a two- 
engine configuration for safety in case one 
engine should fail. 

In a convertible engine the power tur- 
bine drives both the fan and an output shaft 
connected to some other load. The total 
turbine power is the sum of the powers ab- 
sorbed by all the loads. Therefore, any tur- 
bine power over that needed by the fan is 
available at the power-output shaft. The 
maximum turbine power is limited by the 
cycle temperature (fuel flow) and speed. 
For high thrust, the shaft load is reduced or 
decoupled, as by releasing a clutch. When 
shaft power is required, the fan is unloaded 
aerodynamically. 

A convertible engine using variable inlet- 
guide vanes (VIGV) to unload the fan aero- 
dynamically was successfully tested on an 
outdoor test stand at the NASA Lewis Re- 
search Center. The tests demonstrated 
that this type of engine could be used for 
propulsion of new high-speed rotorcraft 
that need both thrust and shaft power. The 
engine might also be used to cross-couple 
the fans of a two-engine V/STOL aircraft, 
but the controls and dynamics for that ap- 
plication were not tested. 


In the steady-state tests, the engine was 
operated in the turboshaft, turbofan, and 
dual (combined fan and shaft) power 


modes. The engine ran smoothly except 
for a small region at high VIGV closure and 
high fan speed, where aeromechanical in- 
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stability of the fan tips was found. Other- 
wise, it was stable as the speed, shaft 
power, and any of the variable hardware 
settings were changed. This instability is 
not considered to be a big problem for a 
new engine and could be avoided by 
changes in the design of the blades. 

For the propulsion of a rotorcraft, the 
engine would be used in the turboshaft or 
in the dual-power mode to drive a rotor for 
takeoff and low-speed flight. If thrust during 
takeoff is low, the VIGV would be closed, 
and the consumption of fuel by the engine 
would be about 25 percent more than that 
of a turbofan engine running at the same 
core power level. The additional fuel is 
needed because power is wasted in churn- 


ing and heating the tip airflow with the VIGV 
closed. The wasted power is not detrimen- 
tal to rotorcraft having engines sized for 
high-speed cruise, such as the X-wing, 
because the installed power would be 
great enough to permit hover at sea level 
while one engine is inoperative. 

In high-speed cruising flight, the engine 
would be operated in the turbofan mode 
with the VIGV open (or nearly open) to pro- 
duce thrust or in the dual-power mode if 
shaft power is also needed for such aux- 
iliary equipment as a compressor for 
X-wing blowing. The fuel consumption of 
the engine would be comparable to that of 
a conventional turbofan engine because 
the only change in the use of fuel comes 


from the loss of inlet pressure across the 
VIGV. The loss is small when the VIGV are 
nearly open. 

This work was done by K. L Abdalla and 
J. G. McArdle of Lewis Research Center 

and H. Lindsay of General Electric Co. Fur- 
ther information may be found in NASA 
TM -88939 [N87-16825/NSP], " Outdoor 
Test Stand Performance of a Convertible 
Engine with Variable Inlet Guide Vanes for 
Advanced Rotorcraft Propusion. " 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders maybe placed for an extra fee 
by calling (800) 336-4700. LEW-14597 


Angular-Momentum-Compensating Servomechanism 


This nonlinear servomechanism prevents reaction torques from 
disturbing the supporting structure. 


NASA 's Jet Propulsion Laboratory, Pasadena, California 


A servomechanism for rotating an in- 
strumentation platform isolates the sup- 
porting vehicle or stationary platform from 
reaction torques produced by the rota- 
tions. The servo thus prevents the aiming 
of an instrument from disturbing the vehi- 
cle or other instrument platforms. 

The servo includes a reaction wheel that 
provides a compensating torque to oppose 
the reaction torque. It uses a stepping 
motor instead of a continuously running 
motor to avoid the tendency to stick, which 
plagues linear motors at low speeds. In 
addition, it uses a set of reduction gears to 
connect the motor to the load instead of 
connecting it directly and thus provides 
both ample torque margin and more pre- 
cise aiming. 

The shaft of the motor, the reaction 
wheel, and gear 1 of the gear train rotate 
counter to the platform (see figure). If the 
angular momentum stored in these rotat- 
ing elements precisely matches that stored 
in gear 2, the output shaft, the platform, 
and the load, the system forms a closed, 
reactionless unit that transmits no torque 
disturbances to the structure on which it is 
mounted. 

The desired perfect balance can be up- 
set during angular acceleration if there is 
backlash between gears 1 and 2. There- 
fore, a high-quality gear train must be 
used — one having little or no backlash. 
Moreover, motor cogging — variations in 
torque and speed resulting from variations 
in magnetic flux as rotor poles move past 
stator poles — can act in concert with 
backlash to inhibit or prevent the precise 
matching of angular momentum and to 
cause overshoots. The accelerations from 
cogging are not transmitted exactly to the 
platform but are taken up partly by the 
shaft and gear-tooth compliance. The step- 
ping motor, with its short, precise move- 
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ments and high damping, reduces the ef- 
fects of cogging. 

The natural 1.8° step of the stepping 
motor is divided into microsteps. Using a 
sine/cosine microstepping procedure, log- 
ic circuitry divides the motor current into 
64 discrete levels that are applied as 
pulses to both windings of the two-phase 
motor. With each pulse, the rotor takes a 
step of 0.028°. 

The stepping motor drives a 100:1 gear 
train, producing a rotation of 1.0125 sec- 
onds of arc with every pulse. Because the 
system operates in discrete steps, it reach- 
es the final position without overshooting 
or undershooting, within the resolution of 
1 microstep. Thus, unlike a linear servo, 
this nonlinear system attains high angular 


resolution without sacrificing slowing 
speed. 

Instead of conventional spur gears, the 
gear train includes a circular spline, a wave 
generator, and a flexible spline. This sys- 
tem reduces backlash and tooth-mesh er- 
ror and carries higher loads than does a 
spur-gear train. The circular and flexible 
splines engage on the pitch circle at two 
diametrically opposed points. If the errors 
of both tooth meshes are equal and of op- 
posite sign, they cancel. Only if they are 
equal and of the same sign do they equal 
the mesh error of a spur-gear train. In prac- 
tice, 10 or more spline teeth are engaged 
at each mesh point, and this exerts an addi- 
tional averaging effect on the errors in the 
placement and shapes of the spline teeth. 

This work was done by Carl A. 
Marchetto of Caltech for NASA’s Jet Pro- 
pulsion Laboratory. For further informa- 
tion, Circle 132 on the TSP Request Card. 
NPO-17173 



Rotating Oppositely to the instrument platform, the reaction wheel, motor, and gear 1 have 
angular momentum equal and opposite to that of gear 2, the output shaft, and the platform. 
The external torque reaction to the rotation of the platform is thus canceled. Although spur 
gears appear in this schematic diagram, the gear train is made of spline gears. 
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Automated Water-Purification System 

A reverse-osmosis system operates and maintains itself with minimal human attention, using a 
programmable controller. 


NASA 's Jet Propulsion Laboratory, Pasadena, California 


An automatic water purifier uses re- 
verse osmosis to produce 15gal/min 
(0.95 Us) of water that typically contains 
less than 45 parts per million of dissolved 
solids. The raw water, which comes from 
wells, contains 500 to 600 ppm of dis- 
solved solids. 

Osmosis is the passage of a liquid from 
a dilute to a more concentrated solution 
through a semipermeable membrane — 
one that allows passage of the liquid but 
not the dissolved solids. Reverse osmosis 
is the forced reversal of this natural phe- 
nomenon by the application of enough 
pressure to the concentrated solution to 
overcome the osmotic pressure of the less 
concentrated solution. 

In the purifier, membranes surround 
hollow cores through which the clean 
product water flows out of the reverse-os- 
mosis unit. No chemical reactions or 


phase changes are involved. The reject 
water, in which the dissolved solids have 
been concentrated, emerges from the 
outer membrane material on the same 
side on which the raw water entered. The 
flow controls maintain a ratio of 50 percent 
product water and 50 percent reject water. 
The membranes can be expected to last 
from 3 to 5 years. 

A programmable controller monitors 32 
input signals and produces 64 output con- 
trol signals. In addition to controlling the 
reverse-osmosis process, the controller 
manages the levels of water in an asso- 
ciated cooling tower and storage tanks. It 
can readily be reprogrammed to change or 
respond to changed process conditions. 

In the pretreatment stage of the process 
(see figure), raw water is passed through a 
sand filter to remove large dirt particles 
and then passed through a carbon filter to 


remove chlorine, which would otherwise 
oxidize the membrane. Because excess 
alkalinity can foul membranes, acid is add- 
ed to the raw water to reduce its pH to 
about 6 from its original range of 8.5 to 11.5. 
A 10-micron prefilter removes most of the 
remaining nondissolved solids. 

In the reverse-osmosis stage, pressure 
switches, flow controls, conductivity-ratio 
sensors, flowmeters, pressure gauges, 
and the main pump enable the program- 
mable controller to monitor and regulate 
the process. Pressure switches, for exam- 
ple, ensure that the pump inlet pressure is 
above 10 lb/in. 2 (69 kPa) to prevent cavita- 
tion and that the pressure across the mem- 
branes is below 400 lb/in. 2 (2.8 MPa) to 
avoid rupture of the membranes. 

In the post-treatment stage, the product 
water flows through an ultraviolet sterilizer, 
then either to storage tanks by way of a 


Raw 

Water Prefilter 



A Variety of Sensors, Switches, and Gauges enables a programmable controller to monitor and regulate reverse osmosis and its associated 
processes. Recycled water from the cooling tower, as well as raw water from the wells, is used as the feedwater. 
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degasifier or to a cooling tower. From the 
storage tanks, it flows on demand to con- 
suming units. 

This work was done by Harlow G. 
Ahlstrom, Peter S . Hames, and Fredrick J. 


Menninger of Caltech for NASA’s Jet Pro- 
pulsion Laboratory. For further informa- 
tion, Orcle 72 on the TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 


dressed to the Patent Counsel, NASA Resi- 
dent Office-JPL [seepage 18]. Refer to 
NPO-17049. 


Computerized Analysis of Helicopter-Rotor Aeroelasticity 

A computer program generates and solves the equations of aeroelasticity. 


Ames Research Center, Moffett Field, California 


The analysis of the aeroelastic stability 
of a helicopter rotor has been automated 
to a degree. The symbolic-manipulation 
program, HESL, written in FORTRAN, is 
used to aid in the derivation of the govern- 
ing equations of motion for the elastic-blad- 
ed rotor. The symbolic program can oper- 
ate both on expressions and matrices. By 
transferring some of the burden of algebra- 
ic manipulations from the human analyst to 
the computer, the program reduces both 
the tedium of the analysis and the conse- 
quent opportunity for errors. 

In the mathematical model of the heli- 
copter rotor, the blades undergo coupled 
bending and torsional deformations. The 
interactions between the blades and the 
airflow are treated by two-dimensional 
quasi-steady aerodynamics below stall. Al- 



The Analysis of Aeroelasticity of the heli- 
copter rotor is a semiautomatic process in 
which the computer helps to derive the 
equations, then solves them numerically. 

NASA Tech Briefs, November 1988 


though reversed-flow effects are neglect- 
ed, unsteady effects, modeled as dynamic 
inflow, are included. 

Using a Lagrangian formulation, the 
governing equations are derived in gener- 


alized coordinates with the help of the sym- 
bolic program. The symbolic program gen- 
erates the steady-state and perturbation 
equations and writes them into FORTRAN 
subroutines. These subroutines are called 
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SLO-SYN® Direct Drive Servo Positioning Systems bring a 
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by numerical routines, and the equations 
are solved numerically. The computer im- 
plementation of this procedure consists of 
three stages (see figure): (1) the symbolic 
derivation of equations, (2) the coding of 
the equations into subroutines, and (3) the 
numerical study after identifying mass, 
damping, and stiffness coefficients for 
each equation. 

For the case of hovering flight, the equa- 
tions of motion of the blades and the equa- 
tions of fluid dynamics that describe the 
inflow are converted to equations in a mul- 
tiblade coordinate system by rearranging 
the coefficients of the equations. For the 
case of forward flight, the multiblade equa- 
tions are obtained through the symbolic 
program. However, the study of forward 
flight indicates that, for a large number of 
degrees of freedom and for nonlinear 
models, the amount of input data required 
by the symbolic program increases expo- 
nentially, making it inconvenient to consid- 
er explicitly the harmonic and multiblade 
equations. Yet, a combination of symbolic 
and numerical programs at the proper 
stage in the derivation process makes it ef- 
fective and beneficial to obtain the numeri- 
cal results of an analysis of stability by use 
of this approach. The final multiblade equa- 
tions are capable of accommodating any 
number of elastic-blade vibrational modes. 

The computerized analytical procedure 
has been applied to rigid-blade lag-flap, 
elastic flap-lag, flap-lag-torsion, and quasi- 
static-torsion rotor-blade models. 

The numerical results for hovering flight 
indicate that dynamic inflow increases the 
lead-lag regressing-mode damping for tor- 
sionally rigid blades. For torsionally flexible 
blades, the dynamic inflow effect depends 
on the elastic coupling parameter. For zero 
elastic coupling, dynamic inflow increases 
the modal damping. For full elastic cou- 
pling, it decreases the damping. This im- 
plies that, at some value of the elastic- 
coupling parameter, the effects of dynamic 
inflow are negligible. 

The numerical study for forward flight in- 
dicates that dynamic inflow changes the 
magnitude of the predicted damping, yet it 
exerts little influence on damping trends 
with variations in the advance ratio or in the 
elastic-coupling parameter for torsionally 
flexible blades. 

This work was done by T. S. R. Reddy of 
Ames Research Center. Further informa- 
tion may be found in NASA TM-86750 
[N8 7-24455/NSP], n Symbolic Generation 
of Elastic Rotor Blade Equations Using a 
FORTRAN Processor and Numerical 
Study on Dynamic Inflow Effects on the 
Stability of Flelicopter Rotors .” 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Sen/ice, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (800) 3364700. ARC-11809 
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Sine-Bar Attachment for Machine Tools 

Cutting angles can be set more easily. 


Marshall Space Flight Center, Alabama 

A sine-bar attachment for collets, spin- 
dles, and chucks helps machinists set up 
quickly for precise angular cuts that re- 
quire greater precision than provided by 
the graduations on the machine tools. The 
machinist uses the attachment to index the 
head or carriage of a milling machine or 
lathe relative to the table or turning axis of 
the tool. The attachment is accurate to 1 
minute of arc, more or less, depending on 
the length of the sine bar and the precision 
of the gauge blocks in the setup. 

A reference bar is attached by screws to 
one of three sides of a collet adapter (see 
Figure 1), depending on the job and the 
angle. The sine bar is loosely positioned on 
the collet adapter by a locking nut and bolt 
extending through one of four slots in the 
adapter and a hole in the middle of the sine 
bar. Gauge blocks are inserted at one end 
of the sine bar to provide the required 
height for the angle according to the for- 
mula: length of sine bar x sine of desired 
angle = height of gauge blocks. The lock- 
ing nut is tightened so that the sine bar 
rests securely on the reference bar and 
gauge blocks. 

Next, the assembly is securely chucked 
in the collet (or chuck or spindle) of the 
machine. The diameter “A” of the collet 
adapter is checked for concentricity by a 
dial indicator. The collet, with its sine-bar at- 
tachment, is indexed so that it is either 
perpendicular or parallel to the direction of 
travel of the table. A dial indicator is then 
used to adjust the machine head or the 
table to the desired angle (see Figure 2); 
when the adjustment is correct, the indi- 
cator will read zero change as it traverses 
the sine bar. The assembly is then re- 
moved, and the machine is used to cut a 
part to the desired angle. 

The attachment can be installed quickly 
and easily on almost any type of lathe or 
mill. It requires no special clamps or fix- 
tures, and it eliminates many trial-and-error 
measurements. It is more stable than im- 
provised setups and cannot be jarred out 
of position readily. 

The usefulness of the attachment can Figure 1. The Sine-Bar Attachment can hold a sine bar at a desired angle with respect to any 
be increased further by adding a fourth of three reference planes. 
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Length of 
Sine Bar 3.0000 in. 



and Nut 


ASSEMBLY 


Locking Bolt 


Reference-Bar- 
Attaching Screws 



DISASSEMBLED SINE-BAR ATTACHMENT 


Reference Bar 





ADJUSTING MILLING MACHINE 



Figure 2. A Milling Machine and a Lathe are adjusted to precise angles with the help of the 
sine-bar attachment. 


Uniform Etching for Polycrystalline 
Photoconductor Rims 

Prewetting the film surface can help overcome nonuniformity. 
Goddard Space Flight Center, Greenbelt, Maryland 


Prewetting the surface can overcome 
the problem of the nonuniformity of etching 
that often occurs in such polycrystalline 
films as PbS and PbSe. These films exhibit 
variations in the size and packing of crys- 
tallites. Prior to the prewetting method, se- 
vere undercutting of detector material oc- 
curred when single-element photodetec- 
tors and arrays were etched on preproc- 
essed silicon wafers. 

For example, in attempts to delineate 
128-element arrays of PbS with a 30-mtti 
pitch (22 wide with 8-jim separations) 
on preprocessed silicon wafers (92 chips 
per wafer), undercutting was so severe 
that many elements were washed away. If 
etching were stopped just short of the un- 
dercutting, some areas would remain coat- 
ed with the unwanted PbS. 

When the prewetting method is applied 
to these arrays, the substrates are soaked 
for one minute in a suitable wetting agent; 


for example, Kodak Photo-Flo (or equiva- 
lent) mixed in the ratio of one part agent to 
200 parts of water. Then the substrates are 
immersed in etching solution. The unwant- 
ed PbS, which, in this case, covers 99.9 
percent of the substrate, is removed entire- 
ly, with only a few micrometers of under- 
cutting. 

It is believed that prewetting causes the 
etchant to attack the film uniformly. Be- 
cause this process involves wet chemistry, 
it is both inexpensive and easy to use. 

The prewetting method has also been 
used successfully on PbSe films. The Pho- 
to-Flo (or equivalent) wetting agent used in 
the tests is compatible with the AZ1450J (or 
equivalent) photoresist that is used for de- 
lineating photoconductor patterns. 

This work was done by John Barrett of 
Itek Corp. for Goddard Space Flight Cen- 
ter. For further information, Circle 24 on 
the TSP Request Card. GSC-12969 


reference-bar-mounting edge perpendicu- 
lar to the three edges already available. 
Compound-angle setups could then be 
made without reindexing the collet adapter. 

This work was done by Franklin D. Mann 
of Marshall Space Right Center No fur- 
ther documentation is available. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 18]. Refer to 
MFS-28253. 


Preferred Secondary 
Crystal Orientation 
for Turbine Blades 

Fatigue life increases 
when secondary orientation 
is not left to chance. 


Marshall Space Flight Center, 
Alabama 

The directional solidification of single- 
crystal turbine blades, so that the second- 


<ioo> 



A Turbopump Blade is made with attention 
to both the primary <001> and secondary 
<010> crystallographic orientations. Previ- 
ously, the <010> axis was allowed to be 
oriented randomly. 
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ary, as well as the primary, crystallographic 
orientation occurs on a preferred axis, 
greatly increases the resistance to fatigue. 
A<001> primary, <010> secondary orien- 
tation yields as much as a tenfold improve- 
ment in fatigue life over the usual <001> 
primary, random secondary orientation. 

The <01Q> crystallographic direction, 
± 10°, is oriented perpendicular to the 


face of the component where a failure or 
stress is expected (see figure). Preferred- 
orientation single-crystal parts can be 
made by seeding at minimal additional 
cost. The technique not only lengthens the 
lives of parts but also reduces the variation 
in longevity among parts. 

This work was done by Leslie G. 
Fritzemeier and Jon D. Frandsen of Rock- 


well International Corp. for Marshall 
Space Right Center No further docu- 
mentation is available. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel , Marshall 
Space Flight Center [see page 1 8]. Refer to 
MFS-29253. 


Stabilizing Silicon-Ribbon Growth at Early Stages 

A simple mechanism prevents silicon buttons from tipping. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


A device mechanically stabilizes the 
buttons from which silicon ribbons are 
grown by the dendritic-web process. The 
device eliminates the tendency for a but- 
ton to tip and interrupt a pull because of 
asymmetry. 

Previously, the buttons used to start 
growth had to be kept narrow to minimize 
the effect of asymmetry. Several hours of 
growth were then needed to approach full 
ribbon width. With the new device, a large 
button can be used. Even if the button as- 
sumes a highly-asymmetrical weight distri- 
bution in the early stages of growth, there 
is little danger of tipping and breakage of 
the nascent ribbon. 

The device includes a tube with enlarged 
ends, made of quartz, molybdenum, or 
other refractory material (see figure). A 
supporting wire attaches the tube to a 
sliding mechanism, which in turn is at- 
tached to a tape that pulls the ribbon from 
the molten silicon. A seed holder on the 
pulling tape suspends a silicon seed that 
extends to the surface of the melt by pass- 
ing through the tube. The button grows 
from the seed across the surface of the 
melt. When the button reaches the proper 
size, pulling begins; the tape carries the 
seed, the entire stabilizing mechanism, 
and the button upward. 

After about 2 mm of upward travel, the 
sliding mechanism is moved downward 
until the supporting wire releases the full 
weight of the tube onto the button. The 
weight is enough to offset the unbalancing 
effect of any asymmetrical weight distribu- 
tion in the button. 

This work was done by Paul K. Henry 
and Edward P. Fortier of Caltech for 

NASA’s Jet Propulsion Laboratory For 

further information, Circle 44 on the TSP 
Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 18]. Refer to NPO-17074. 



A Silicon Seed Hangs From a Holder through a stabilizing tube. While the button is growing, 
the tube is elevated above the melt surface. When the button is ready for the pulling of the 
ribbon, the tube comes to rest on the button and prevents it from tipping. 
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Calculating Robot-Joint Coordinates From Image Coordinates 

Detailed knowledge of the robot joints is not required. 


Marshall Space Flight Center, Alabama 


z Camera 2 





END EFFECTOR MAGNIFIED 


The Joint Coordinates necessary to position and orient the end effector are calculated by 
mathematical models fitted to experimentally determined data on positions, orientations, 
and joint coordinates. 


An algorithm generates approximate 
mathematical models of the coordinates of 
the joints of a robot as functions of the co- 
ordinates of points in images of the work 
region viewed by television cameras. The 
same algorithm also generates such 
models as functions of the desired location 
of the end effector of the robot. The algo- 
rithm does not require a priori knowledge 
of the kinematic equations of the robot. 

The image points in question are three 
points in or on an object viewed by two 
cameras set on perpendicular, intersecting 
lines of sight. In principle, the problem is to 
use the coordinates of these points in the 
images to generate their three-dimension- 
al coordinates in the stationary Cartesian 
reference frame of the workspace; then to 
generate the required position, orientation, 
and approach vectors of the end effector in 
this same reference frame; and finally to 
find the robot-joint angles or linear exten- 
sions needed to position and orient the end 
effector to approach and grasp the object 
(see figure). It is also possible to bypass the 
workspace coordinates, transforming di- 
rectly from image to robot-joint coordi- 
nates, and the algorithm is based on this 
approach. 

The first step in the development of a 
model is to establish the robot kinematics 
experimentally by recording the end-effec- 
tor and joint coordinates at many different 
positions and orientations. The mathemati- 
cal model for each joint coordinate is a 
power series in the image coordinates of 
the three points. To reduce the number of 
computations to a manageable level, a 
comprehensive search is not conducted 
among all possible terms to determine 
which should be included in the model. In- 
stead, the selection is limited to cross prod- 
ucts of three or fewer image coordinates, 
the sum of powers is constrained to 4 or 
less, and the exponent of each coordinate 
must lie between -1 and +3. 

Using the “append” method, a candi- 
date term is appended to the model if it 
compares favorably with other candidate 
terms according to a least-squares or 
other performance index that measures 
the error between the measured coordi- 


nates and the coordinates predicted by the 
model. The process is repeated until the 
desired number of terms, n, is reached. 


The resulting n-term model is not neces- 
sarily optimum but is only the optimum 
model given the previous n - 1 terms. 
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Productivity Tools tor Mathematical Computing 


CSYMA is a registered trademark of Symbolics. Symbolics is a trademark of Symbolics, Inc. VAX and MicroVAX are trademarks of Digital Equipment Corporation Sun is a trademark of Sun Microsystems, 
APOLLO is a trademark of AdoIIo Computer. Inc. ^ . . . . „ 


Macsyma 


With Macsyma, though, you can use the 
best techniques tor the task. Macsyma will 
give you closed-form symbolic solutions, 
symbolic approximations, and arithmetic 
solutions as well as numerical solutions. 
Plots and graphs, too. Without the tedium 
and errors associated with manual compu- 
tations. Macsyma will even convert your 
solutions into Fortran code that can be inte- 
grated right into your existing programs. 

Try Macsyma for 30 days and discover how 
much time if can save you every month. 


Most professionals never realize how 
much time they can save until they try 
Macsyma. So we've made it easy for you. 
For a nominal installation fee, you can have 
Macsyma up and running on your VAX, 
MicroVAX, Sun, APOLLO, or Symbolics 
system for a 30 day trial. 

Put it through the paces. Throw your 
toughest problems at Macsyma. And when 
the 30 days are over, you will realize how 
much more productive you can be with 
Macsyma handling the math. 

For a 30-day trial, or for more infor- 
mation, call 1 -800-MACSYMA (in MA, 
617-621 -7770.) Or write the Computer 
Aided Mathematics Group, Symbolics, 

Inc., Eleven Cambridge Center, Cambridge, 
MA, 02142. 


Give Macsyma the problems that would 
keep you busy for days or weeks, and you'll 
have your answer in minutes or hours. So 
you can solve your bigger problems faster. 
Without wasting a lot of your valuable time. 
Dare to tackle problems you could never 
consider before. 


Most of today's complex math modeling 
is performed using numerical analysis tech- 
niques and Fortran. Not necessarily because 
numerical techniques are appropriate for 
the job, but because they're appropriate 
for Fortran. 


IMCSYMA DOES THE JOBS 
EVEN FORTRAN DOESN'T WANT. 








Your time is a terrible thing to waste. 

Cumbersome mathematical models and 
mind-numbing computations are all part of 
your job. But the fact is, your real job is to 
solve problems on a much larger scale, and 
the pencil pushing is really slowing you 
down. Even the mainframe can't help, 
because Fortran just isn't up to the job. 

Enter Macsyma, the symbolic mathemat- 
ics software package that lets you tackle your 
worst grunt work, in either batch or interac- 
tive mode. 


The algorithm has significant advan- 
tages over prior analytical and iterative- 
transformation techniques. The models 
can be evaluated much faster than analyti- 
cal joint equations because the models in- 
volve only numerical operations and no 
transcendental functions. The algorithm 


Books and Reports 

These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP’s) when a Re- 
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Sen/ice. 

Linear-Quadratic Controller 
for Aiming a Large Antenna 

Independent control and 
estimator gains are selected 
for optimal performance. 

A report describes the use of the tech- 
niques of linear-quadratic optimal control 
to design a digital controller that would aim 
a large antenna. The controller would be 
based on a closed-loop concept that in- 
cludes a mathematical model of the plant 
(that is, the antenna and the associated 
aiming motors, gears, and related equip- 
ment) and an independently-selectable 
mathematical model that estimates the 
state of the system. 

The report begins by reviewing the 
theory of linear-quadratic optimal control, 
in which one seeks to minimize a quadratic 
performance index that penalizes the tran- 
sient deviation of the state from the desired 
state and the control effort expended in 
fighting the deviation. In this application, 
the controller uses state feedback so that it 
can specify arbitrarily the eigenvalues of 
the closed position-control loop. 

The control system is represented as a 
set of first-order differential state equa- 
tions, and each state is multiplied by a gain. 
The summed results are used as a com- 
manded rate for the rate-control loop. 

Because it is impossible or too expen- 
sive to measure many states, the system 
includes a dynamic estimator, which esti- 
mates the value of each state based on 
measurable states and a mathematical 
model of the plant. The dynamics of the 
closed-loop system depend on the com- 
bined eigenvalues of the controller and the 
estimator. However, the design of the con- 
troller is independent of the design of the 
estimator because the gains of the estima- 
tor do not alter the dynamics of the control- 
ler and the gains of the controller do not 
alter the dynamics of the estimator. 

A simplified transfer-function model of 
the rate-control loop of the plant was de- 
veloped and verified by fitting curves to 
measurements of gain and phase as func- 


enables the models to adapt readily to 
changes in reference frames, robot con- 
figurations, grippers, and the like. It may 
enable the modeling of flexibility in robot 
links and of manufacturing errors, which 
are too complicated to model analytically. 
It may also provide closed-form solutions 


tions of frequency-response data. The 
model was mapped into a diagonal canoni- 
cal set of state equations, which were aug- 
mented to include position and integral-of- 
position states. Weighting matrices were 
selected, and families of optimal gains 
were calculated on the basis of the aug- 
mented model. The closed-loop system 
was simulated with each gain vector, and 
the “best” gain was selected according to 
the performance index and the perform- 
ance specifications. 

The integral-of-position state was elimi- 
nated, and the third-order model was used 
to design a new state estimator. Estimator 
dynamics were selected and estimator- 
gain vectors calculated. The selected con- 
trol-gain vector was simulated with each 
estimator-gain vector using a high-order 
model of the plant with mismatch of the 
model, structural resonances, and effects 
of quantization in the analog-to-digital 
angle encoder. An estimator-gain vector 
was selected to minimize the effects of 
quantization and the estimator error. 

This work was done by Jackson A. 
Nickerson of Caltech for NASA’s Jot Pro- 
pulsion Laboratory. To obtain a copy of 
the report, “A New Linear Quadratic Op- 
timal Controller for the 34-Meter High Effi- 
ciency Antenna Position Loop," Circle 119 
on the TSP Request Card. 

NPO-17388 

Reducing Errors 
in Processing 
GPS Measurements 

A fully-redundant double- 
differencing algorithm yields 
minimum-variance estimates. 

A paper presents analyses of tech- 
niques for the minimization of errors in 
estimates based on Global Positioning Sys- 
tem measurements at multiple locations. It 
presents a fully-redundant double-differ- 
encing algorithm for the generation of a 
weighted, double-differenced regression 
system that yields minimum-variance esti- 
mates. 

The report addresses two complica- 
tions that have arisen in previous double- 
differencing approaches, namely: 

• rank-deficient double differencing caused 
by the undersampling that is done to avoid 
colored-measurement-error statistics; 
and 


for joint coordinates that cannot be obtained 
analytically. 

This work was done by Advanced Con- 
trol Technologies for Marshall Space 
Right Center. For further information, Cir- 
cle 107 on the TSP Request Card. 
MFS-27194 


•the nondiagonal covariance matrix that 
results from the colored noise introduced 
by the redundancy in full-rank double dif- 
ferencing. 

The algorithm is based on the full-rank 
approach, in which the double differenc- 
ing, in a matrix-operator sense, has maxi- 
mal rank and therefore spans the linear 
vector space defined by the regression 
system. The algorithm produces equiva- 
lent full-rank estimates, yet features a 
diagonal weighting matrix in certain cases, 
even though the differenced measurement 
statistics are highly colored. 

The mathematical development begins 
with a general description of the regression 
problem. This is followed by a discussion of 
the double-differencing operations and the 
equivalence, under certain conditions, of 
the resulting least-squares estimates to 
estimates obtained by other techniques. 
The paper then discusses minimally- and 
fully-redundant double-difference matrix 
operators. 

The paper develops the white-noise 
equivalent diagonal weighting matrix that 
corresponds to the fully-redundant double- 
difference matrix. It shows that analytic 
forms of the diagonal matrix can be ob- 
tained in some cases. It notes that 
theoretically a composite stripe-diagonal 
and antisymmetric weighting matrix can 
be generated in all cases, though in prac- 
tice, analytic forms can be generated only 
with the help of restrictive assumptions 
about the topological properties of the un- 
differenced-measurement-error covari- 
ance. 

The paper analyzes the problem of 
missing data streams or outages in double 
differencing. This problem is important in 
practice because satellites come into and 
go out of view and receivers occasionally 
lose data because of instrument failures 
and environmental disturbances. In gener- 
al, as the number of terminals experienc- 
ing outages increases, the algebraic ex- 
pressions for the weighting matrix become 
increasingly complex. 

This work was done by W G. Melbourne 
of Caltech for NASA’s Jet Propulsion 
Laboratory. To obtain a copy of the report, 
"A Fully Redundant Double Difference Al- 
gorithm for Obtaining Minimum Variance 
Estimates From Global Positioning System 
Observations , " Circle 116 on the TSP Re- 
quest Card. 

NPO-17038 
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Control Algorithms for Liquid-Cooled Garments 

Three schemes control the transfer of heat to and from the wearer’s body. 



Lyndon B. Johnson Space Center, Houston, Texas 




The Metabolic Rate Is Inferred from the temperatures of the cooling liquid at the outlet and 
the inlet, suitably filtered to account for the thermal lag of the human body. The temperature 
at the inlet is then adjusted to the value that gives maximum comfort at the inferred 
metabolic rate. 


Three algorithms have been developed 
for the control of cooling in protective gar- 
ments. Although the algorithms are directly 
applicable to space suits, they can also be 
used for automatic control of cooling in 
suits worn by workers in radioactive, pol- 
luted, or otherwise hazardous environ- 
ments. The algorithms are expected to be 
more effective than manual control, which 
is subject to frequent, overcompensated 
adjustments as the level of activity varies. 

All three algorithms follow a comfort 
curve of inlet-liquid temperature versus 
metabolic rate based on tests of human 
subjects. The first algorithm controls the 
average of the inlet and outlet tempera- 
tures of a water-cooled garment. It elimi- 
nates the effects of heat from the environ- 
ment in the sense that it reduces the inlet 
temperature to compensate for the in- 
crease in the outlet temperature caused by 
the surroundings. If the environment is 
cold, the algorithm compensates for heat 
lost to it by raising the inlet temperature. 

The algorithm is designed for a maxi- 
mum metabolic rate of 1,300 Btu/h (380 W). 
At this rate, the wearer’s body produces a 
rise of only about 2 °F (1 °C) in the tempera- 
ture of the coolant. The average tempera- 
ture of the coolant is therefore almost the 
same as the effective temperature felt at 
the skin. 

The second algorithm adjusts the inlet 
temperature to follow the comfort curve. 
While this algorithm does not compensate 
for environmental heat loads, it is similar to 
the first algorithm in other respects. 


Both the first and the second algorithms 
use the metabolic rate as a control varia- 
ble. The rate is determined from a respira- 
tory measurement — either the consump- 
tion of oxygen or the production of carbon 
dioxide. 

The third algorithm is based in part on 
the empirically determined proportionality 
between the steady-state rate of metabo- 
lism and the difference between the inlet 
and outlet temperatures. This algorithm 
raises or lowers the inlet temperature ac- 
cording to the inferred metabolic rate (see 
figure). It compensates for the environ- 
mental heat load indirectly by interpreting 
the environmental component of the inlet- 
to-outlet temperature rise as being caused 
by metabolic heat load. 


All of the algorithms incorporate delays 
in the form of thermal time constants char- 
acteristic of human bodies (about 15 to 20 
min). The delays take into account the 
tendency of the human body to store heat 
instead of heating up immediately when it 
suddenly increases its level of activity. The 
delay prevents overcooling while the body 
is storing heat as it starts a higher level of 
activity and prevents overheating while the 
body dissipates stored heat as it starts a 
period of reduced activity. 

This work was done by B. Drew, K. 
Harner, E. Hodgson, J. Homa, D. Jennings, 
and J. Yanosy of United Technologies 
Corp. for Johnson Space Center. For fun 
ther information, Qrcle 106 on the TSP Re- 
quest Card. MSC-21349 


Extending the Shelf Life of Blood Platelets 

Storing the platelet suspension in a thin layer allows the exchange of metabolic gases. 


Lyndon B. Johnson Space Center, Houston, Texas 


A new method of storing human blood 
platelets extends their vitality for transfu- 
sions. The method ensures that platelets 
receive ample oxygen and that expiratory 
carbon dioxide from the platelets is re- 
moved before the pH drops to harmful 
levels. 

The platelets are packaged as a sus- 
pension in sterile liquid in plastic blood 


bags. Each bag is placed between a pair of 
plastic grids, and rubberbands are placed 
around the sandwich thus formed to hold it 
together. The sandwiches are stored up- 
right (see figure) in open air or in a contain- 
er through which air is pumped at a rate of 
at least 45 L/min. 

The grids compress the bag to a uniform 
%- in. (0.3-cm) thickness, thin enough that 


air diffusing through the plastic bag can 
penetrate to the innermost platelets and 
that carbon dioxide can readily leave the 
inner region and diffuse through the bag to 
the outside. Without the support of the 
grids, a bag would sag and distend at its 
bottom to about y 2 -in. (1.3-cm) width. This 
thickness prevents the effective exchange 
of gases, and the platelets quickly deterio- 
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rate when they are stored this way. 

The grids are strong and rigid but open 
enough to provide a large area of contact 
between the bag and external air. The solid 
mass of a grid occupies only 1 6 percent of 
the 13- by 14.5-cm grid area. 

The grid-sandwich storage method 
makes it unnecessary to agitate blood 
bags to induce gas circulation. Bag agita- 
tion is virtually impossible when the bags 
are transported between storage places, 
and agitation itself tends to destroy some 
platelets. In 7-day comparison tests, the 
posttransfusion yield and survival of the 
platelets stored in grids without agitation 
were equal to those of platelets stored in 
uncompressed but agitated blood bags. 

This work was done by Douglas M. 
Surgenor of The Center for Blood Re- 
search for Johnson Space Center. For 
further information, Circle 26 on the TSP 
Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title 
to this invention. Inquiries concerning 
rights for its commercial use should be ad- 
dressed to 

Douglas M. Surgenor 
The Center for Blood Research 
800 Huntington Avenue 
Boston, MA 02115 

Refer to MSC-21157, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 



Rattened by Grids, standard blood bags allow air to enter and nourish blood platelets and 
allow carbon dioxide and other metabolic wastes to expire through the bag. As an added 
benefit, the inexpensive grids make the blood bags easier to handle. 


Books and Reports 

These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP’s) when a Re- 
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 


Solar Refrigerator/ 

Freezers for Vaccines 

Photovoltaic systems 
store vaccines in remote 
regions where powerlines 
are unavailable. 

A report presents the results of field 
tests of solar-cell-powered refrigerator/ 
freezers for vaccines. The refrigerator/ 
freezers were developed to bring the bene- 
fits of vaccination to developing countries 
so that such diseases as poliomyelitis, 
diphtheria, and measles can be controlled 
or eradicated. 

To remain potent, most vaccines must 
be maintained at temperatures between 0 
and 8 °C. For the more-sensitive polio and 
measles vaccines, a temperature of 
—20 °C is recommended for extended 
storage. The solar-powered refrigerators 
would ensure the proper storage tempera- 
tures in places where electricity is unre- 
82 


liable or unavailable. They would replace 
kerosene-fueled units, which offer poor 
temperature control, need frequent main- 
tenance, and rely on a fuel that is often 
costly, in short supply, and of questionable 
quality. 

The report covers the following topics: 

• An explanation of the project; 

• Descriptions of the refrigerator/freezer 
systems; 

•An account of installation experiences; 

• Performance data for the 22 systems for 
which field-test data were reported; 

• A summary of operational reliability; 

• Comments of users of some of the sys- 
tems tested; and 

• Recommendations for design and future 
use. 

A solar-powered vaccine refrigerator/ 
freezer system consists of a 12-volt photo- 
voltaic array, a power cable from the array 
to the refrigerator/freezer, one or more 
voltage regulators, batteries, the refrigera- 
tor/freezer unit, and, for the field tests, 
instrumentation. The systems were de- 
signed for fully automatic operation and 
minimum maintenance: it is necessary 
only to wash the photovoltaic modules 
when they are dirty and to remove frost 
from the evaporator plate in the freezer 
compartment of the refrigerator freezer. 
Spare parts, toolkits, and user manuals 
were supplied to each field-test site. The 
sites were in Latin America, the Caribbean, 


Africa, the Near East, and other Asian 
countries. 

The systems had a high level of reliabili- 
ty. Over a 33-month period, the reporting 
sites accumulated 488 system-months of 
operation and were in service 83.6 percent 
of the time. The refrigerator compartments 
were within the recommended tempera- 
ture range 80 percent of the time; opera- 
tor-induced causes contributed to much of 
the time out of range. There were no fail- 
ures of photovoltaic modules or refrigera- 
tor compressors and only a few failures of 
other components. The chief problems 
were the need for initial training for both 
users and technicians, for reinforcement 
training, and for training of replacement 
users and technicians. 

This work was done by Anthony F. 
Ratajczak of Lewis Research Center. 
Further information may be found in NASA 
TM -86972 (Revised) [N86-11666/NSP], 
“Photovoltaic-Powered Vaccine Refrigera- 
tor-Freezer Systems Field Test Results,” 
and NASA TM-88830 [N87-18230/NSP], 
“User Evaluation of Photovoltaic-Powered 
Vaccine Refrigerator/Freezer Systems” 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (800) 336-4700. 
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SCHOTT GLASS- 
HELPING OUR WORLD 
SEE OTHER WORLDS 



Precision Optical Glass 
of uncommon dimensions. 


When the University of Pittsburgh’s Allegheny 
Observatory was developed around the turn of 
the century, Schott was the only company capa- 
ble of making the lens blanks for the Observa- 
tory’s refracting telescope. Three quarters of a 
century later, that telescope is still the third 
largest in the world. 

Today, as the lenses of that refracting tele- 
scope are being replaced, glass from Schott 
Glass Technologies — a United States company 
— is the choice. 

In fact. Dr. George Gatewood, director of the 
Allegheny Observatory, said that there wasn’t 
much of a choice at all. “Schott is the only com- 
pany in the world capable of producing the glass 
we need for our refracting telescope lenses.” 


He s^ not alone in his thinking. Because of 
Schott’s world-wide involvement and award- 
winning Research and Development depart- 
ment, Schott glass has been chosen for use in 
many of the most advanced optical systems man 
has ever known. Including some of the world’s 
biggest stargazers; like the University of Pitts- 
burgh’s Allegheny Observatory. 

Schott Glass Technologies is a United States 
manufacturer of many types of glass. If you’re 
involved in astronomy, space exploration, aero- 
space, precision measurements or optics, Schott 
can help you with the right glass for these and 
many other fields. 



H SCHCHT 

L^_*£j GLASS TECHNOLOGIES INC 

400 York Avenue 
Duryea, Pennsylvania 18642 

(717) 457-7485 TWX 510-671-4535 
Telefax (71 7) 457-6960 
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The Intelligent Qualifier 2000®, a 
knowledge-based video coordinate 
measuring system, is highlighted in a 
free brochure from Optical Gaging 
Products, Rochester, NY. Unlike 
measuring systems that rely on pre-set 
discrete points, the IQ 2000 measures 
a part using all available data points to 
find geometric elements, identify con- 
tours, and construct a graphic model. 
The measuring process— from data 
acquisition to plotting and measure- 
ment-takes less than one second. 
Circle Reader Action Number 726. 


A new handbook published by De- 
sign And Evaluation Inc., Voorhees, 
NJ, illustrates procedures and 
guidelines for designing, analyzing, 
and testing radio frequency (RF) and 
microwave circuits and systems. The 
500 page handbook provides strat- 
egies for handling test and measure- 
ment procedures, offers tips on 
management and cost control, and 
includes case studies for high- 
frequency oscillators, RF amplifiers, 
modulators, frequency synthesizers, 
transmission lines, phase locked loop 
design, traveling wave tube ampli- 
fiers, and filters. 

Circle Reader Action Number 712. 


H 


H TEK-LIGHT 





More than 20 types of Tek-Light® 
fiber optic cables are featured in a 
free catalog from Berk-Tek Marketing 
Services, New Holland, PA. The 36 
page publication highlights Tek-Light 
applications in office and industrial 
automation, audio and video com- 
munications, security, process con- 
trol instrumentation, and Tempest 
environments. 

Circle Reader Action Number 710. 


Sector Systems Company Inc., Mar- 
blehead, MA, is offering a free catalog 
of public domain PC software for 
engineers. The featured programs are 
available for a copying fee of four 
dollars per disk and contain fully 
usable software and documentation. 
Subject areas include communica- 
tions, desktop publishing, graphics, 
project management, programming, 
spreadsheets, and much more. 
Circle Reader Action Number 702. 



The Fluorocarbon Company, Seattle, 
WA, has published a brochure de- 
scribing Flourocore 3A3™, a self- 
rising polyimide foam designed for 
aircraft/aerospace use as insulated 
ducting, core material for composite 
panels, honeycomb core filler, and 
formed shapes for heat deflection and 
insulation. Available in 5 and 80 
pound kits, Flourocore 3A3 can 
withstand temperatures to 600°F with 
low smoke emissivity. 

Circle Reader Action Number 724. 



A free catalog from the Tekmar® 
Company, Cincinnati, OH, spotlights 
new scientific instrumentation and 
equipment for analytical, biological, 
and environmental research labora- 
tories. Featured products include 
digital temperature monitors, homo- 
gen izers, magnetic stirrers, rotary 
shakers, constant temperature baths, 
and microcentrifuge tubes and racks. 
Circle Reader Action Number 706. 



A free application guide offered by 
Belden Wire And Cable, Richmond, 
IN, explains the technology and cable 
considerations of both Manufacturing 
Automation Protocol (MAP) and 
Technical and Office Protocol (TOP) 
communication networks. The full- 
color guide oulines the system re- 
quirements of MAP and TOP net- 
works and illustrates the relationship 
between MAP/TOP technology and 
IEEE 802.4 and 802.3 network stan- 
dards. Charts and graphs are used to 
demonstrate cable performance 
values. A MAP/TOP product selection 
guide is also included. 

Circle Reader Action Number 708. 


Sensor Developments Inc., Lake 
Orion, Ml, has published 'The Forces 
In Machines," a guide to the various 
uses of sensors in measuring force. 
The 1 2 page booklet illustrates the ap- 
plication of electro-mechanical 
transducers to oil well drilling, aircraft 
simulation, robotics, and many other 
areas. A second volume, entitled 
"The Forces In Automobiles/' 
describes applications of strain gauge- 
based sensors to brake pedals, 
transmission shafts, steering systems, 
and other automobile components. 
Circle Reader Action Number 716. 



Liberty Industries' new 1989 catalog 
features more than 1 900 clean room 
and laminar flow products, including 
50 new items. The catalog also con- 
tains a full-color section illustrating 
clean room operations. 

Circle Reader Action Number 718. 


A new brochure from Janos™ 
Technology Inc., Townshend, VT, 
summarizes the company's line of 
precision optical products and com- 
ponents, including lenses, mirrors, 
mounts, positioners, translation 
stages, and beam expanders. Janos' 
diamond machining, thin film 
coating, and optical grinding and 
polishing capabilities are also 
highlighted. 

Circle Reader Action Number 722. 



The Infrared Thermometry Hand- 
book from Everest Interscience Inc., 
Fullerton, CA, explains how infrared 
thermometry works and discusses 
typical applications. Infrared 
transmission, absorption, reflectance, 
and emissivity are also covered. 
Available free of charge, the hand- 
book includes a table of emissivity 
values for various metals and a 
temperature conversion chart. 
Circle Reader Action Number 720. 


A new research report from Solar 
Trade International, San Francisco, 
CA, reviews the state of the art in 
photovoltaic technology and 
highlights United States exports of 
photovoltaic cells and modules in 
1987. Entitled "Photovoltaic Export 
Trade of the USA— 1987, Technology 
and Trade Assessment," the report 
analyses the top photovoltaic markets 
world-wide and lists all U.S. commer- 
cial PV manufacturers by product and 
location. 

Circle Reader Action Number 714. 



The 1 989 Test and Measurement In- 
struments catalog from TRANSCAT® 
Rochester, NY, describes more than 
500 instruments and accessories from 
200 manufacturers, and includes over 
50 new products. The free 480 page 
catalog provides technical, pricing, 
and ordering information for each 
item. 

Circle Reader Action Number 704. 
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New on the Market 



The Electro-Lite Corp., Danbury, CT, 
has developed an ultraviolet spot- 
curing system that provides con- 
trolled energy at a peak wavelength 
of 365 nanometers. The ELC600 gen- 
erates up to 500 milliwatts per square 
centimeter of output, which results in 
shorter curing times and makes possi- 
ble the curing of thicker films. Appli- 
cations include fiber optics, opto- 
electronics, sealing connectors, lens 
mounting, and wire tacking on PC 
boards. 

Circle Reader Action Number 780. 



Xytrex® Polymer Systems, a family of 
high-performance, engineered ther- 
moplastic compounds has been 
developed by the EGC Corp., Hous- 
ton, TX. The new compounds are self- 
lubricating and feature high tempera- 
ture tolerance, strength, and chemi- 
cal resistance. EGC offers a variety of 
processing methods for Xytrex, in- 
cluding compression molding, injec- 
tion molding, continuous profile ex- 
trusions, and coatings. 

Circle Reader Action Number 790. 


The OMNI Distributive Graphics 

Link (DLG) from Omnicomp™ 
Graphics Corp., Houston, TX, ena- 
bles users of IBM PC- or PS/2-com- 
patibles and DEC VAX midrange 
computer platforms to communicate 
and process large graphics files at 
direct memory access (DMA) speeds. 
The DMA bus-to-bus connection pro- 
vides a faster interface than possible 
with standard local area networks. 
The OMNI DLG consists of a parallel 
interface board and interprocessor 
software, which is loaded onto both 
the PC or PS/2 and the VAX hosts. 
Circle Reader Action Number 788. 


The MATLAB integrated analysis 
program from the MathWorks Inc., 
Sherborn, MA, combines graphic and 
data manipulation capabilities to turn 
a Macintosh computer into a scienti- 
fic and engineering workstation. 
MATLAB specializes in matrix com- 
putation, numerical analysis, signal 
processing, and graphics, and fea- 
tures a novel user interface that ac- 
cepts commands in the standard 
mathematical notation for matrix 
operations. The program runs on the 
Macintosh Plus, Macintosh SE, or 
Macintosh II and requires 1 M byte of 
memory. 

Circle Reader Action Number 782. 



Lasertechnics' 300D continuous tone 
printer produces photographic quali- 
ty real-time images from a variety of 
sources, including tape, optical disc, 
hard disc, and active memory. The 
unit internally processes either paper 
or film. Designed for digital radio- 
graphy, satellite remote sensing, fac- 
simile transmission, and other forms 
of electronic image processing, the 
300D features digital resolution of 256 
pixels per inch, a 256-level dynamic 
grey scale, multi-gamma correction, 
and a built-in GPIB interface. 

Circle Reader Action Number 776. 



Burr-Brown, Tucson, AZ has intro- 
duced LT/CONTROL, a software 
package for real-time industrial pro- 
cess control and monitoring. Features 
include data logging, unit conversion, 
on-line analysis, and a pixel-based 
drawing facility that allows users to 
design custom color graphic displays 
of the actual process. Real-time 
animation can be employed to depict 
parameters such as flow, tank level, 
and position. 

Circle Reader Action Number 796. 



The Electronics Division of Cohu Inc., 
San Diego, CA, has introduced a two- 
piece color CCD camera featuring a 
remote imager that connects via 
cable to a Camera Control Unit. The 
lightweight remote head is suited for 
robotics and microscopy applications 
and is easily incorporated with bore- 
scopes and other measurement/in- 
spection instruments. The camera 
also features nine lux sensitivity, a 
selectable AGC range, auto/manual 
color balance, and optional color 
lock. 

Circle Reader Action Number 778. 



Visionics Corp., Sunnyvale, CA, has 
introduced a three-dimensional ther- 
mal analyzer package for the com- 
pany's EE Designer III™ CAE/CAD 
electronic design software package. 
The new option allows circuit board 
designs produced with the EE De- 
signer III to be checked for potential 
thermal problems. The PC-based 
package models component conduc- 
tion, convection, and radiation char- 
acteristics, and enables users to 
predict thermal distributions and 
locate thermal problems in their 
designs after component placement. 
Circle Reader Action Number 784. 



Asyst Software Technologies Inc., 
Rochester, NY, has unveiled the 
ASYSTANT GPIB for scientists and 
engineers who need to control GPIB 
instrument clusters and analyze or 
graphically represent data in a single, 
integrated environment. The menu- 
driven GPIB software allows GPIB 
device definition, interactive execu- 
tion of bus commands, serial polling, 
and display and analysis of data. The 
ASYSTANT GPIB runs on IBM 
PC/XT/AT or compatibles. 

Circle Reader Action Number 786. 



Interlock Inc., San Leandro, CA, has 
introduced the EasyStick® , a cursor 
positioning tool that simplifies com- 
puter keyboard functions. The Easy- 
Stick is mounted on the keyboard 
over the arrow keys. Toggling the 
device's knob moves the cursor on 
the screen. Unlike conventional joy- 
sticks, the EasyStick requires no ports, 
boards, cables, driver software, or 
system modification. The adjustable 
device works with any DOS, applica- 
tion, and computer and retails for 
$29.95. 

Circle Reader Action Number 800. 



In the photo above, a beaker of un- 
cured TRIPLUS™ resin is subjected 
to the heat of a blowtorch without 
burning. A product of the General 
Electric Company's Silicones Divi- 
sion, Waterford, NY, TRIPLUS offers 
thermal performance to 1200°F in its 
cured state. Targeted for the coatings 
and paint industries, the silicone- 
based resin blend features low viscos- 
ity (50-150 centerpoise in average 
mixes) for easy application. 

Circle Reader Action Number 798. 



New Anti-Static, Anti-Fatigue Rub- 
ber Matting from Lancaster Colony 
Commercial Products, Columbus, 
OH, decreases electrical charge and 
provides a cushioned surface for 
workers situated near electrical 
equipment. The matting's textured 
surface is highly resistant to abrasion 
and chemical spills. All four sides of 
the mat a*e beveled for safety. 
Circle Reader Action Number 792. 
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The New Standard 
in Ease of Use 

■ Value priced at $3,195 

■ One-year, no-cost warranty 

■ Professional plot quality 

■ Revolutionary plot utility eliminates 
learning curve 

■ Supports HP-GL and DM/PL 

■ Plot sizes from 23"x81” to 1.5"*1.5" 

■ Optional oak stand available 

IOLINE ' 


CORPORATION 


Call (206) 821-2140 or write for more information 

12020 - 113th AVE N.E, KIRKLAND, WA 98034 


Circle Reader Action No. 472 


1 micro INCH 

NON-CONTACT 

GAGING 

for less than $5,000!! 


Pioneer’s PDG 500 PROXIMITY GAGE offers unparalleled 
accuracy and sub-microinch resolution for measuring 
displacement on a wide variety of fixed or moving surfaces. 
The PDG 500 is extensively used in the precision machine 
tool, semiconductor and disk drive industries, and has 
become the standard by which all others are judged. 



• Wide Range — ±10 finches to ±10 mils 

• High Resolution — better than 0.2 jxinch 

• High Accuracy — 0.2% of Full Scale 

• High Linearity — 0.1% of Full Scale 

• Ultra-low Noise — less than 0.05 flinch 

• Wide Bandwlth — up to 40 KHz 

• Analog Outputs for external processing 

• Large Standoff Distances — 2 to 100 

mils, depending on probe and application 

• Wide Variety of Standard and Custom 
Probes to suit almost any requirement 


TYPICAL APPLICATIONS 

♦ FLATNESS and THICKNESS 

♦ SURFACE IRREGULARITIES 

♦ DIAMETER VARIATIONS 

♦ BEARING/SPINDLE RUNOUT 

♦ PRECISION ALIGNMENT 

♦ CLOSED-LOOP POSITIONING 

♦ MECHANICAL CALIBRATION 

♦ COATING THICKNESS 




PIONEER TECHNOLOGY, Inc. 

760 Palomar Avenue, Sunnyvale. CA 94086 • (408) 737-7010 


New on the Market 



The first neurocomputing coproces- 
sor board for Sun workstations has 
been unveiled by Hecht-Nielsen 
Neurocomputers, San Diego, CA. 
With the ANZA Plus/VME, Sun users 
can now apply neural network tech- 
nology in areas where high-speed 
processing is crutial, such as image 
processing, industrial inspection, 
and signal processing. The new 
coprocessor board enables resear- 
chers to run neural networks on Sun 
computers at speeds 500 times 
greater than software-only im- 
plementations, and features software 
for the integration of neurocom- 
puting into C programs. 

Circle Reader Action Number 764. 



Dawn VME Products, Fremont, CA, 
has introduced the DS Series of 
VME-compatible and Sun-compati- 
ble computer memory storage sub- 
systems. Each of the two product 
lines includes six models: two Fujit- 
su 5 'A inch full high disk drive 
systems offering 1 44 megabyte cap- 
acity. and four Maxtor 514 inch full 
high disk drive subsystems with 
either 320 or 602 megabyte capaci- 
ty. Users can daisy-chain up to four 
of each configuration for additional 
capacity. Data transfer rates range 
from 1 0 to 1 5 megabytes per second. 
Circle Reader Action Number 762. 


The T2492-B Printstation, a high-vol- 
ume laser printer targeted for multi- 
user and networked computer sys- 
tems, is now available from Talaris 
Systems Inc., San Diego, CA. The 
new printer is based on the 24 page 
per minute Xerox XP-24 engine and 
the Talaris Printstation Control 
System, which features an optional 
high-speed Ethernet connection. To 
achieve maximum speed and flexi- 
bility, the T2492-B employs a dual 
processor architecture; a Graphics 
Systems Processor from Texas Instru- 
ments performs the graphics proces- 
sing, while a National Semiconduc- 
tor 32016 CPU manages the I/O and 
command interpretation. 

Circle Reader Action Number 754. 



Nordic Lite Inc., Warren, Ml, is offer- 
ing a desktop sample kit that demon- 
strates new advances in electrolumi- 
nescent (EL) lighting. The kit con- 
tains an AC inverter and a variety of 
EL product samples, each featuring 
an innovative lamp design that 
incorporates lighting and termina- 
tion paths in a single, flexible 
polyester package. 

Circle Reader Action Number 770. 


The BeamAlloy Corp., Dublin, OH, 
has developed a method of placing 
extremely hard diamond films on 
metallic, ceramic, plastic, and glass 
surfaces at processing temperatures 
under 150°F. The DIOND process 
uses a proprietary electron beam 
deposition technique to create dia- 
mond thin films for abrasion-resis- 
tant, corrosion-resistant, and thermal 
transfer surfaces. The transparent 
films are bonded tightly to the 
treated surface to eliminate 
chipping. 

Circle Reader Action Number 752. 



The new ZS-1 computer system 
from the Astronautics Corp. of 
America, Madison, Wl, features a 
unique decoupled architecture; its 
CPU fetches instructions at a rate of 
two per clock period and splits them 
into two instruction streams— one for 
fixed point/memory address com- 
putation and the other for floating 
point operations. This allows new 
floating point operations to be issued 
every clock period, resulting in a 
major increase in computational 
throughput. The unit provides peak 
performance in excess of 45 million in- 
structions per second (MIPS) and 22.5 million 
64-bit floating point operations per second 
(MFLOPS). Circle Reader Action Number 794. 
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New on the Market 



A new fiberglass-reinforced wire 
stripper designed to cut and strip 
fiber optic cable, flexible and solid 
PVC, multi-core ribbon cables, and 
1 0 to 22 gauge wire is now available 
from the PaladinCorp., Encino, CA. 
Insulated to 600 volts, the PA 1 101 
Maxi-Stripax* features 66 stainless 
steel stripping blades as well as a 
built-in wire cutter and wire stop. 
Circle Reader Action Number 756. 



The Design Generator™ from the 
Computer Sciences Corp., Falls 
Church, VA, helps systems analysts 
and designers save time in the early 
stages of software development by 
automatically transforming a struc- 
tured specification into an initial 
design. The CASE tool features 
' modeless" operation using multi- 
paned browsers, pop-up windows, 
and a digital mouse, and includes a 
knowledge-based data dictionary. 
The Design Generator requires 
minimal training and runs on stan- 
dard PC hardware. 

Circle Reader Action Number 750. 



Classic Aircraft Collector Cards from 
Universal Games, Yakima, WA, fea- 
ture color reproductions of pain- 
tings by aviation artist Bob Hill. The 
back of each card gives the history 
and specs of the aircraft illustrated on 
the front side. These "baseball 
cards" of aviation history are 
available in 6, 12, 18, and 48 card 
packages. 

Circle Reader Action Number 768. 


Interphase Corporation's V/IPI 4260 
Cougar is the first commercial In- 
telligent Peripheral Interface (I PI) 
Level 2 controller for VMEbus com- 
puter systems. IPI Level 2 is a jjeriph- 
eral device interface specification 
that offers much faster data rates 
than today's peripheral standards 
can support. The Cougar features a 
32-bit achitecture which includes a 
Motorola 68020 processor, and can 
control up to eight IPI Level 2 devices 
from different manufacturers and 
with different data rates. 

Circle Reader Action Number 766. 


The Model 3 1 0 Electro-Optic Laser 
Beam Deflector from Conoptics 
Inc., Danbury. CT, features a deflec- 
tion sensitivity of 1 .0 milliradian per 
kv. The deflector's useful aperture is 
2.0 mm with a spectral range of 400 
to 800 nm. Applications include 
facet to facet connection of high- 
speed rotating mirrors, dither of spot 
location on film recorders, and 
coding on optical disks. 

Circle Reader Action Number 760. 



The DynaBook™ from Scenerio Inc., Somerville, MA, offers an easy way 
to access the massive amounts of data contained on compact disks. This 
stand-alone CD-ROM Reader eliminates the need for computer attachments 
and user training. Data is retrieved by simply touching DynaBook's screen 
in response to displayed instructions. The lightweight unit features a high- 
resolution LCD panel and a CD/ROM drive with built-in digital to analog 
conversion for access to digital sound. 

Circle Reader Action Number 758. 


LIXI* MICROFOCUS 

THE BEST REAL-TIME 
X-RAY INSPECTION SYSTEM 



CATCHES DEFECTS 
OTHERS MISS 

Brand “A/” 

Brand “N” 
X-ray system 
does not 
show all the 
solder balls. 

the solder balls in this surface mount device. 


LIXI’s greater 
magnification 
and higher 
resolution 
images all 



Send us a defective sample. We’ll send you a picture of 
the defect as seen through LIXI X-ray system. 



UxL Inc. (312)620-4646 

1438 Brook Drive Telex. 6871077 DKROB 

Downers Grove, IL 60515, USA Telefax: (312)620-7776 

1986 Lixl, Inc. LIXI is a trademark of Lixi, Inc. 


Circle Reader Action No. 522 



Series J and K Ball Slides from AG provide smooth, 
precise operation in a compact size. The J series is all 
aluminum for lightweight applications. For medium 
weight applications, the K series is constructed of 
either steel and iron or all iron. Both models feature 
AG’s unique patented pre-load adjusting wedge that 
eliminates all backlash and play. Whether your appli- 
cation calls for the Series J, the smallest of all, or Series 
K, the versatile intermediate model, you can rely on 
AG Ball Slides for optimum performance. 


' AUTOMATION GAGES 

850 Hudson Avenue. Rochester. N Y 14621 
^ Phone (716) 544-0400 


To order, or for information, call Automation Gages at 
800-922-0329. In New Vbrk State call 716-544-0400. 

D*pt. 242 
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A 

ACCESSORIES 

Sine-bar attachment for 

machine tools 

page 73 MFS-28253 

ADDITIVES 

Additives improve 
processing of polyimides 
page 51 LAR- 13669 

ADHESION 
Sizing increases 
fiber/matrix adhesion 
page 53 NPO 16975 

AEROELASTICITY 

Computerized analysis 
of helicopter-rotor 
aeroeiasticity 
page 71 ARC-11609 

AIRCRAFT ENGINES 
Convertible gas-turbine 
engines 

page 68 LEW-14597 

AIRCRAFT EQUIPMENT 

Airplane takeoff-and- 
landing monitoring 
system 

page 36 LAR-13734 

ALGORITHMS 
Calculating robot-joint 
coordinates from image 
coordinates 

page 76 MFS-27194 

Control algorithm for 
liquid-cooled garments 
page 81 MSC-21349 


AMIDES 

Additives improve 
processing of polyimides 
page 51 LAR- 13669 
ANEMOMETERS 
Portable airflow meter 
page 63 MSC-21200 

ANGULAR MOMENTUM 
Angular-momentum- 
compensating 
servomechanism 
page 69 NPO-17173 

ANTENNAS 
Lens antenna for 
mobiie/satellite 
communication 
page 24 NPO- 16948 

Linear-quadratic 
controller for aiming a 
large antenna 
page 78 NPO- 17388 

AUTOMATIC CONTROL 
Control algorithms for 
liquid-cooled garments 
page 81 MSC-21349 

B 

BINARY FLUIDS 

Transferring heat in 
conjugating binary 
liquids 

page 45 MFS-28249 

BLOOD 

Extending the shelf life 
of blood platelets 
page 81 MSC-21157 


C 

CARBON DIOXIDE 

Pulsed source of 
energetic oxygen atoms 
page 42 NP0 30000 

CAVITY RESONATORS 
Tunable microwave 
cavity for ion source 
page 32 LEW- 13935 

CIRCUIT PROTECTION 
Protective socket for 
integrated circuits 
page 20 GSC-13033 

CIRCULAR WAVEGUIDES 
Circular-waveguide 
power combiner/divider 
page 34 GSC 12996 

CODERS 

Analyzing pulse-code 
modulation on a small 
computer 

page 38 GSC-13170 

COMPUTER GRAPHICS 
Definition of touch- 
sensitive zones for 
graphical displays 
page 56 LAR-13822 

COMPUTER PROGRAMS 
File-format program for 
transferable output 
ASCII data 

page 56 LAR-13755 

COMPUTER STORAGE 
DEVICES 

Self-testing computer 
memory 

page 40 NPO- 16850 

CONDENSERS 

(LIQUEFIERS) 

Condensing, two-phase, 
contact heat exchanger 
page 62 MSC-21179 

CONTROLLERS 
Linear-quadratic 
controller for aiming a 
large antenna 
page 78 NPO- 17388 

COOLING 

Control algorithms for 
liquid-cooled garments 
page 81 MSC-21349 


SCIENTIFIC/ENGINEERING 
GRAPHIC TOOLS 

for the IBM PC and compatibles 

FORTRAN/Pascal tools: GRAFMATIC (screen graphics) 
and PLOTMATIC (pen plotter driver) 

These packages provide 2D and 3D plotting capabilities 
for programmers writing in a variety of FORTRAN/Pascal 
environments. We support MS, R-M, LAHEY FORTRAN 
and more. PLOTMATIC supports HP or Houston Instru- 
ment plotters. Font module available too! 

Don't want to program? Just ask for OMNIPLOT! Menu- 
driven, fully documented integrated scientific graphics. 
Write or call for complete information and ordering in 
structions. 

GRAFMATIC-PLOTMATIC-OMNIPLOT [S] & [P] 


10.0 100.0 1000.0 



Microcompatibles, 301 Prelude Drive, Silver Spring, MD 20901 
(301) 593-0683 

do Circle Reader Action No. 389 


COOLING SYSTEMS 

Self-protecting heat 
exchanger 

page 61 MFS-29286 

CRYSTAL DEFECTS 
Hydrogen embrittlement 
and stacking-fault 
energies 

page 54 MFS-27114 

CRYSTAL GROWTH 
Stabilizing silicon-ribbon 
growth at early stages 
page 75 NPO-17074 

CURVE FITTING 
Rational-spline 
subroutines 

page 58 LAR- 13694 


D 

DATA SMOOTHING 

Rational-spline 

subroutines 

page 58 LAR- 13694 

DATA TRANSMISSION 

File-format program for 
transferable output 
ASCII data 

page 56 LAR-13755 

DIGITAL COMMAND 
SYSTEMS 

Linear-quadratic 
controller for aiming a 
large antenna 
page 78 NPO- 17388 

DISPLAY DEVICES 

Definition of touch- 
sensitive zones for 
graphical displays 
page 56 LAR-13822 


E 

ELECTRICAL 

MEASUREMENT 

Mounting thin samples 

for electrical 

measurements 

page 46 LEW- 14646 

ELECTRODES 

Biphase metal 
electrodes for AMTEC 
page 50 NPO-16787 

ENDOSCOPES 

Support for fragile 
borescopes 

page 63 MFS-29230 

ENGINES 

Convertible gas-turbine 
engines 

page 68 LEW-14597 

ERROR ANALYSIS 

Reducing errors in 

processing GPS 

measurements 

page 78 NPO-17038 

ERROR CORRECTING 
DEVICES 

Permanent-file-validation 
utility computer program 
page 58 LAR- 13946 

Self-testing computer 
memory 

page 40 NPO- 16850 

ETCHING 

Uniform etching for 
polycrystalline 
photoconductor films 
page 74 GSC-12969 

EVAPORATORS 
High-performance 
ambient-temperature 
heat pipe 

page 45 MFS-26062 


F 

FIBER REINFORCED 
COMPOSITES 

Sizing increases 
fiber/matrix adhesion 
page 53 NPO- 16975 


FILE MAINTENANCE 
(COMPUTERS) 

Permanent-file-validation 
utility computer program 
page 58 LAR- 13946 

FIRING (IGNITING) 
Hazard-free pyrotechnic 
simulator 

page 30 GSC-13111 

FIXTURES 

Handrail lighting module 
page 30 MSC-21302 

Support for fragile 
borescopes 

page 63 MFS-29230 

FLOW MEASUREMENT 
Positioning rotors in 
turbine flowmeters 
page 60 MFS-29331 

FLOWMETERS 
Portable airflow meter 
page 63 MSC-21200 

FORMAT 

File- format program for 
transferable output 
ASCII data 

page 56 LAR-13755 

FUEL CELLS 
Biphase metal 
electrodes for AMTEC 
page 50 NPO-16787 


G 

GARMENTS 

Control algorithms for 
liquid-cooled garments 
page 81 MSC-21349 

GAS TURBINE ENGINES 
Convertible gas-tirbine 
engines 

page 68 LEW-14597 

GAS-METAL 
INTERACTIONS 

Hydrogen embrittlement 
and stacking-fault 
energies 

page 54 MFS-27114 

GLOBAL POSITIONING 
SYSTEM 

Reducing errors in 

processing GPS 

measurements 

page 78 NPO-17038 


H 

HALL EFFECT 

Mounting thin samples 
for electrical 
measurements 
page 46 LEW- 14646 

HEAT EXCHANGERS 
Condensing, two-phase, 
contact heat exchanger 
page 62 MSC-21179 

Self-protecting heat 
exchanger 

page 61 MFS-29286 

HEAT PIPES 
High-performance 
ambient-temperature 
heat pipe 

page 45 MFS-26062 

HEAT TRANSFER 

Transferring heat in 
conjugating binary 
liquids 

page 45 MFS-28249 

HELICOPTERS 

Computerized analysis 

of helicopter-rotor 

aeroeiasticity 

page 71 ARC-11809 

HOTWIRE 

ANEMOMETERS 

Portable airflow meter 
page 63 MSC-21200 

HYDROGEN 
EMBRITTLEMENT 
Hydrogen embrittlement 
and stacking-fault 
energies 

page 54 MFS-27114 

ILLUMINATORS 
Handrail lighting module 
page 30 MSC-21302 

IMAGE CORRELATORS 
Liquid-crystal-television 
image subtracters 
page 48 NPO-17144 

INFRARED LASERS 


INITIATORS 

(EXPLOSIVES) 

Hazard-free pyrotechnic 
simulator 

page 30 GSC-13111 

INSULATION 
Improved aluminized 
multilayer insulation 
page 51 MSC-21259 

INTEGRATED CIRCUITS 
Measuring critical 
charges for single-event 
upsets 

page 28 NPO-17073 

Protective socket for 
integrated circuits 
page 20 GSC-13033 

ION SOURCES 
Tunable microwave 
cavity for ion source 
page 32 LEW- 13935 

IONIZING RADIATION 
Measuring critical 
charges for single-event 
upsets 

page 28 NPO-17073 


J 

JOINTS (JUNCTIONS) 

Calculating robot-joint 
coordinates from image 
coordinates 

page 76 MFS-27194 


L 

LAND MOBILE 
SATELLITE SERVICE 

Lens antenna for 

mobile/satellite 

communication 

page 24 NPO- 16948 

LANDING AIDS 

Airplane takeoff-and- 

landing monitoring 

system 

page 36 LAR-13734 

LENS ANTENNAS 
Lens antenna for 
mobile/satellite 
communication 
page 24 NPO- 16948 

LIGHT VALVES 
Liquid-crystal-television 
image subtracters 
page 48 NPO-17144 

LIGHTING EQUIPMENT 
Handrail lighting module 
page 30 MSC-21302 

LIQUIDS 

Transferring heat in 
conjugating binary 
liquids 

page 45 MFS-28249 

LOGIC CIRCUITS 
Estimating rates of 
single-event upsets 
page 24 NPO- 17270 

M 

MACHINE TOOLS 

Sine-bar attachment for 

machine tools 

page 73 MFS-28253 

MATHEMATICAL 

MODELS 

Positioning rotors in 
turbine flowmeters 
page 60 MFS-29331 

MATRICES 
(MATHEMATICS) 

Reducing errors in 
processing GPS 
measurements 
page 78 NPO-17038 

MATRIX MATERIALS 
Sizing increases 
fiber/matrix adhesion 
page 53 NPO- 16975 

MEMORY (COMPUTERS) 
Estimating rates of 
single-event upsets 
page 24 NPO- 17270 

Self-testing computer 
memory 

page 40 NPO- 16850 

METALOGRAPHY 

Preferred secondary 
crystal orientation for 
turbine blades 


Pulsed source of 
energetic oxygen atoms 
page 42 NPO-30000 page 74 MFS-29253 
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TO 



AN 


ASTRONAUT 


The video with the right stuff for you and your family 



obc 


TO BE AN ASTRONAUT. It's the 
most exciting saga of all; from the first 
days of Mercury to the first steps on 
the moon, to the Shuttle to the stars ... 
as experienced by our astronauts. 

Packed with facts and thrilling 
pictures. A perfect gift that grows 
with each passing year, with each new 
generation. ..for whom our glorious 
beginnings in space adventure will 
always be a brand new story! 


(Not yet available 
in video stores) 


Seven Towards the 
Stars. (1 to r) Scott Car- 
penter, Gordon Cooper, John 
Glenn, Gus Grissom, Wally 
Schirra, Alan Shepard, and 
Deke Slayton. After the most 
intensive training program 
ever devised, seven men 
emerged to take America's 
first tentative steps towards 
the stars, as the Mercury, 
Gemini and Apollo programs 
demonstrated the astronauts' cour- 
age and commitment. 

Re-live the hour John Glenn 
had to take over the controls of 
Friendship 7 and fly home 'by 
wire'. Neil Armstrong stabilizing a 
wildly spinning Gemini capsule. 
And the crew of Apollo 13 nar- 
rowly escaping disaster as they lost 
power and oxygen and came in on 
ingenuity, courage, and a prayer. 


Defying Gravity Astronaut 
Anna L. Fisher experiences 
weightlessness during training in a 
KC- 1 35 aircraft. Flying a carefully 
plotted parabolic curve gives cabin 
occupants a brief period of zero 
gravity, in preparation for the real 
thing in outer space. 


TO BE AN ASTRONAUT 


NASA Tech Brlefs-1 


Introducing ASTROFILE®: 

Facts and figures about America's 
Space Adventure come fast and fu- 
rious. With ASTROFILE, an ex- 
clusive educational feature from 
CC/ABC Video Enterprises, key 
data appear intermittently on the 
screen, as shown. Simply "freeze 
frame" the ASTROFILE to exam- 
ine the information closely, or let 
the tape run and reverse for later 
reference. 


C/O DEPT. 6, 50 LEYLAND DRIVE, LEONIA, NEW JERSEY 07605 


YES! Please send me copy(ies) of the CC/ABC videocassette, To Be An Astronaut, 

□ VHS, □ BETA. I understand I will be billed $29.95 each plus $3.50 shipping and 
handling on the credit card I've checked. Or, I may enclose a check or money order, payable 
to VCA-800 , and mail it to the address above. 

Note: New York residents add sales tax. Order multiple copies and save on shipping and handling. 

□ I have enclosed a check or money order for $ , (including shipping and handling). 

Please charge my □ American Express □ MasterCard □ VISA 


Account No. (Alldigits)_ 

Signature 

Name 


_Exp.Date_ 


_Phone(_ 


Address. 


I All credit card orders subject to credit approval. Please allow 4 to 8 weeks for delivery. 
■ O 1988 Capital Cities / ABC Video Enterprises, Inc. 


ere it is from ABC — 

The Astronauts' Story: 

★ Who they are. 

★ How they're chosen, 
ir How they're trained. 

★ Where they’ve been. 

★ Where they're going. 

★ What it takes to be one! 


Approximate running time: 45 minutes. 


A carefully researched, exciting story 
that brings outer space down to earth. 
Parents re-live the moments, young- 
sters see the history and meet the 
people behind the machines; the men 
and women of the Astronaut Corps. 


To Order, 

use the coupon 

below or 

call toll-free 

1 - 800 - 999-2460 

Operator 6. 


Circle Reader Action No. 664 





Engineering Professionals 

Cross the 

engineering frontier. . . 
into space. 


The Company 


At GE Astro-Space, were crossing the frontiers of 
space. . .offering Engineers the kind of rare 
opportunities that few' are destined to realize. 

With over one hundred and fifty satellites currently 
circling the globe— and long-term projects such as 
the Mars Observer, Space Station and Landsat— we 
are strengthening our position as a world leader in 
the design and manufacture of satellites for govern- 
ment and commercial use. 


Experienced 
Engineers 
with a Vision 


The 

Environment 


If you’re the self-motivated Engineer were seeking, 
you’re invited to join us in fulfilling an array of 
project requirements . . . paving the way for a new' 
generation of emerging space technology. Our 
mission requires the technical proficiency— and 
vision— of degreed professionals with a minimum 
of 3 years experience in one or more of the 
following: 

■ Comm Systems MW/RF Design 

■ HV Power Supply Design 

■ Spacecraft Power Systems 

■ Software Design-Flt/Grd Support 

■ Propulsion Systems 

■ Antenna Mechanical Design 

■ TT&C/C &DH 

■ Launch Vehicle Integration 


Our East Windsor, New Jersey location offers all 
the advantages of nearby Princeton— within easy 
access to New York City and Philadelphia. 
Additionally, selected positions are open in historic 
Valley Forge, Pennsylvania. 


The Rewards As * ar s est employer of engineers and scientists 

in the world, GE can provide competitive salaries 
and exceptional benefits including tuition refund 
and continuing education programs— providing 
constant training in new technologies and 
systems ... so your expertise is always current 
and expanding. 


The Time 
Is Now 


Rush your resume, in confidence to: Employee 
Relations, Dept. NTB/11-1, GE Astro-Space, 
P.O. Box 800, Princeton, New Jersey 08543-0800. 


GE Aerospace 

Astro-Space 

Equal Opportunity Employer 



MICROWAVE COUPLING 

Circular-waveguide 

power combiner/divider 

page 34 GSC 12996 

MICROWAVE 

RESONANCE 

Tunable microwave 

cavity for ion source 

page 32 LEW- 13935 

MOUNTING 

Thread-mounted 

thermocouple 

page 62 LAR-13475 

MULTILAYER 

INSULATION 

Improved aluminized 
multilayer insulation 
page 51 MSC-21259 


0 

OPTICAL DATA 
PROCESSING 

Liquid-crystal-television 
image subtracters 
page 48 NPO-17144 

OXIDATION RESISTANCE 
Oxidation-resistant 
surfaces for solar 
reflectors 

page 54 LEW-14636 

OXYGEN ATOMS 
Pulsed source of 
energetic oxygen atoms 
page 42 NPQ-30000 


P 

PHOTOCONDUCTORS 

Uniform etching for 
polycrystalline 
photoconductor films 
page 74 GSC-12969 

PLATELETS 
Extending the shelf life 
of blood platelets 
page 81 MSC-21157 

POLYIMIDES 
Additives improve 
processing of polyimides 
page 51 LAR-13669 

Processable aromatic 
polyimide thermoplastic 
blends 

page 52 LAR- 13695 

PRESERVING 

Extending the shelf life 
of blood platelets 
page 81 MSC-21157 

PROGRAM 

VERIFICATION 

(COMPUTERS) 

Permanent-file-validation 
utility computer program 
page 58 LAR-13946 

PROTECTIVE COATINGS 
Oxidation-resistant 
surfaces for solar 
reflectors 

page 54 LEW- 14636 

PULSE CODE 
MODULATION 

Analyzing pulse-code 
modulation on a small 
computer 

page 38 GSC-13170 

PURIFICATION 

Automated water 
purification system 
page 70 NPO-17049 


R 

REACTION WHEELS 

Angular-momentum- 
compensating 
servomechanism 
page 69 NPO-17173 

REFRIGERATORS 

Solar 

refrigerator/freezers for 
vaccines 

page 83 LEW-14549 

RESINS 

Processable aromatic 
polyimide thermoplastic 
blends 

page 52 LAR-13695 

REVERSE OSMOSIS 
Automated water 
purification system 
page 70 NPO-17049 


ROBOTS 

Calculating robot-joint 
coordinates from image 
coordinates 

page 76 MFS-27194 

ROTARY WINGS 

Computerized analysis 

of helicopter-rotor 

aeroelasticity 

page 71 ARC- 11809 


S 

SEMICONDUCTING 

FILMS 

Uniform etching for 
polycrystalline 
photoconductor films 
page 74 GSC-12969 

SEMICONDUCTORS 

(MATERIALS) 

Stabilizing silicon-ribbon 
growth at early stages 
page 75 NPO-17074 

SHAKING 

Simplified analysis of 

vehicle/payload 

vibrations 

page 64 MSC-21231 

SILICON 

Stabilizing silicon-ribbon 
growth at early stages 
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Electronic 

Autocollimator 


T he Moller-Wedel Electronic 

Autocollimators are state of the 
art instruments with high reso- 
lution and near-zero drift. Continuous 
reading of both axes and an RS-232 out- 
put make them ideal for both production 
and laboratory work. 
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• 60 min range 

• .05 sec resolution 

• 0.3 sec absolute accuracy 

• Extremely easy to use 


MOLLER-WEDEL 


Vermont Photonics carries a complete 
line of optical test equipment and met- 
rology instruments. We pride ourselves 
on our technical expertise. Please call us 
for answers to your technical questions. 

VERMONT PHOTONICS 

Main St., Bx 186, Putney, VT 05346 (802) 387-5201 
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Multi-Channel 
Graphics 
for Systems 
Integrators 



OMNI 2400 GDS 
52 bit plane true color 


• Multiple graphics channels 

• 1280 by 1024 resolution 

• 4-bit plane independent 
overlay 

• On-board GKS superset 

• For AT™ bus, Multibus n™ 
and host-independent 
configurations 



OMNI 1500 GDS 


Omnicomp. 

Graphics Corporation 

1734 West Belt North 
Houston, TX 77043 U.S.A. 
(713) 464-2990 / FAX (713) 827-7540 

AT is trademark IBM, Multibus is trademark Intel 



The Digital Cardiac Imaging (DCI) system uses NASA-originated image process- 
ing techniques to improve the safety of delicate medical procedures. 


A new computer system uses 
the space-based art of 
digital image processing to 
create high-resolution pictures of the 
human heart. The computer images 
help doctors perform a delicate heart 
procedure called balloon angioplasty, 
an alternative to coronary bypass 
surgery. 

The angioplasty procedure involves 
inserting a catheter tipped with a small 
deflated balloon into blood vessels to 
clear fatty deposits that can stop blood 
flow and cause heart attacks. The 
balloon is inflated when it passes 
across the vessel’s restricted area and 
the deposits are scraped away, allow- 
ing blood to flow freely. Because the 
procedure is safer and less expensive 
than bypass surgery, its use has in- 
creased dramatically in the United 
States. Last year, 195,000 procedures 
were performed here, more than dou- 
ble the 82,000 in 1985. By 1992, the 
number is expected to reach 560,000. 

This growth has fueled demands by 
cardiologists for higher quality imag- 
ing in the catheterization lab. In the 
past, cardiologists have relied on a 
technique called cine angiography to 
create x-ray pictures of heart func- 
tions. Low-dose x-rays record the im- 
ages on 35-millimeter film, which is 
then developed and used by the physi- 
cian to determine a diagnosis. Since 
the film must be processed, it is only 
available after the angioplasty. During 
the procedure itself the cardiologist 
watches low-resolution television im- 
ages that are seen only once and 
stored on a standard videotape. 

The new digital computer offers a 
faster and safer alternative. Called the 
Digital Cardiac Imaging (DCI) system, 
the computer was designed by 
engineers at Philips Medical Systems 
Inc., in Eindhoven, the Netherlands, 
and has been installed in 130 hospitals 
and clinics worldwide. DCI employs an 
image intensifier to convert x-ray 
pulses traveling through the patient’s 


body into detailed movies that are 
shown on a bank of monitors. Because 
the DCI images are stored in digital 
form, rather than analog video, they 
can be displayed instantly as part of a 
process known as roadmapping. This 
involves using a freeze-frame image of 
a blood vessel section to guide the 
catheter’s progress. 

“The cardiologist now has 
diagnostic-quality images at arm’s 
length,” said Jost Bakker, a Philips 
physicist. “For the first time, he can 
make assessments while the patient is 
still on the examining table.” 

The real-time x-ray images allow car- 
diologists to analyze heart functions 
throughout the angioplasty. Using a 
cordless hand-held viewpad, the physi- 
cian can scan images or compare live 
x-ray and “roadmap” images by plac- 
ing them side-by-side on monitors. 

By providing detailed pictures of 
coronary arteries, DCI enables the car- 
diologist to complete the procedure 
more quickly, thereby reducing the pa- 
tient’s exposure to x-rays, as well as 
limiting the amount of dye injected in- 
to the patient to visualize the arteries. 

The digitization process alone does 
not give physicians enough informa- 
tion to assess a patient’s condition. In- 
stead, image enhancement techni- 
ques developed for NASA satellite 
photography are used to bring out add- 
ed detail. 

“Even a seasoned cardiologist 
could miss a tiny blood vessel if rely- 
ing only on cine film,” Bakker said. 
“The digital system’s enhanced im- 
ages greatly increase the chances of 
detection.” 

DCI’s images not only improve the 
cardiologist’s precision, but also his 
confidence, according to Bakker. “It 
gives cardiologists more control over 
the entire procedure,” he said. “As a 
result, they’re now performing ex- 
tremely delicate angioplasties that 
they wouldn’t have dared attempt in 
the past.”D 
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Suppose you need to 
measure signals across the 
surface of a dish antenna? 
You’ll need a system that 
can move quickly over great 
distances and make hun- 
dreds of stops and starts. 

A screw-driven system 
would require an extremely 
long precision screw with 
many threads which is diffi- 
cult and very expensive to 
manufacture. The perfor- 
mance of the system would 
degrade in time due to screw 
wear and tear caused by 
the friction induced heating 
during high speed operation. 

KLINGER’S RACK AND 
PINION SYSTEMS 
REDUCE WEAR 
AND TEAR. 

The GV88 system is a 
long travel system which 
eliminates these problems 
by utilizing a rack and pinion 
drive design. It enables the 
system to travel far and fast, 
with incredible precision, 
without wear and tear. 

The carriage rides on 
hardened rails that are 
ground absolutely straight 


and smooth. The rack is 
cut directly into the cross- 
shaped rail. This eliminates 
the need to mount a sepa- 
rate rack, and ensures the 
parallelism between the rack 
and the ground guide rails, 
and reduces backlash in the 
system. A set of preloaded 
ball bearings, housed within 
the carriage assembly, com- 
pletely eliminates play. 

The result is accuracy of 
50 microns/meter and re- 
peatability of better than 10 
microns. 

MODULAR DESIGN 

FOR VERSATILITY. 

You can easily assemble 
X, XY or XYZ systems from 


the GV88 slides or combine 
them with hundreds of other 
Klinger positioning units for 
increased versatility. Mount 
your systems horizontally or 
vertically, and select any 
number of standard options 
such as sway bars, counter- 
weight assemblies, rein- 
forced rails, or extended 
carriages. Step sizes are 
available in either English or 
metric units. 

Our modular carriage de- 
sign is available in extended 
lengths to accommodate 
cantilevered loads. When 
the center of gravity of the 
applied load hangs over the 
rail, the extended carriage 
allows stress to be removed 


from the bearings and im- 
proves the trajectory quality 
of the system. 

KLINGER QUALITY IS 
MORE AFFORDABLE 
THAN EVER. 

Applications for Klinger 
long-travel systems are end- 
less. Ultrasonic NDT, radia- 
tion measurements. CRT 
calibration. Laser machin- 
ing. Laser velocimetry. 
Doppler studies. Automatic 
boring and soldering of PC 
boards. And more. These 
applications demand quality 
parts and systems. Now 
those parts are more afford- 
able than ever. 

To learn more about the 
thousands of Klinger micro- 
positioning products and 
systems, send for our free 
micropositioning handbook. 
And be sure to ask about 
our OEM pricing. 

Call or write Klinger Scien- 
tific Corporation, 999 Stewart 
Avenue, Garden City, NY 
11530. (516) 745-6800. 

^KLinCT 



Building better positioning systems, 
piece by perfect piece. 

U.S.A. Headquarters: 999 Stewart Avenue, Garden City, NY 11530 (516) 745-6800. 

Regional Offices: Northern California (415) 969-0247; Southern California (714) 999-5088. Worldwide distribution network: Contact 
Micro-Controle, Z.I. deSt. Guenault, B.P. 144, 91005 Evry Cedex, France. Tbl. 33(1)64.97.98.98. FAX 33(1)60.79.45.61. 
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HEADGEAR THAT HOLDS EVERYTHING HEEDED TO 
TACKLE AIRCRAFT MAIHTEHAHCE PROBLEMS. 


Searching through the millions of instructions 
needed to maintain the many systems on today’s 
advanced aircraft is no easy task. But 
McDonnell Douglas logistics specialists 
have found a way to store massive 
amounts of data on computers linked to a 
miniature TV mounted on a technician’s 
helmet. Detailed instructions needed 
to get the job done are instantly available 



as text, graphics or video at the touch of a button, 
leaving hands free to carry out the work. Engineers 
_ 1 at McDonnell Douglas are giving America 
F \ its money’s worth with new data displays 
—not only for maintenance, but for space- 
craft and aircraft mission management— 
that save time and improve performance. 

For mare information , write: Data, 

McDonnell Douglas, Box 14526, St. Louis, MO 631 78. 
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